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THEMATIC  MAPPER  (TH) 


The  Thematic  Mapper  (TM)  ia  a seven-band  multispectral  high  resolution  scanner 
capable  of  fulfilling  the  observational  requirements  for  improved  land  use, 
water  resources  and  food  supply /distribution  management.  The  instrument 
consists  of  a scanning  mechanism,  primary  imaging  optics,  spectral  band 
discrimination  optics,  detectors,  radiative  cooler,  in-flight  calibrator  and 
operating/proceaslng  electronics.  It  will  collect,  filter  and  detect  radiation 
from  Earth  in  a swath  185  km  wide.  The  scanning  mechanism  provides  the  cross-* 
track  scan  (swath  width)  while  orblta'  notion  provides  scan  along  the  track.  The 
variation  in  radiant  flux  passing  th  gh  the  field  stop  onto  the  detectors 

creates  an  electrical  output  which  > resents  the  radiant  history  of  the  line. 
The  TM  will  quantize  and  mult  signals  from  all  its  data  channels 

(detectors)  into  serial  digital  ea  for  subsequent  RF  transmission  by  the 
Wideband  Communications  Subayste;d. 

14.1  TO  FUNCTIONAL  DESCRIPTION 

The  overall  configuration  of  the  Thematic  Mapper  is  shown  in  Figure  14.1-1.  A 
functional  illustration  is  presented  in  the  abbreviated  block  diagram  of  Figure 
14.1-2. 

Radiant  energy  enters  the  instrument  through  the  aperatuve  which  is  protected  by 
the  dun  shade.  Scanning  of  the  field  is  done  by  the  scan  mirror  in  the 
crosstrack  direction  and  by  the  motion  of  the  flight  oegment  in  the  along-tr.ick 
direction.  The  scan  mirror  is  a 16x21-inch  ellipse  which  presents  equal  area  at 
all  scan  angles.  It  provides  a linear  scan  motion  covering  a swath  on  the 
ground  185  Km  wide.  The  Scan  Mirror  Electronics  (SHE),  a precision  digital 
driver,  drives  the  mirror.  A scan  line  corrector  (SLC)  located  behind  the 
primary  optics  compensates  for  the  forward  motion  of  the  spacecraft  and  allows 
the  scan  mirror  to  provide  usable  data  in  both  scan  directions. 

The  telescope  is  of  Ritchey-Chretien  type.  It  contains  an  internal  calibration 
system  for  both  the  visible  and  thermal  bands.  It  has  a ground-comaandable 
focus  adjustment  and  a registration  alignment  mechanism  for  the  infra-red  bands. 

The  detector  package  Cor  the  visible  and  near  infrared  (IR)  bands  (1,2,3  and  4) 
consists  of  4 linear  arrays  of  i6  silicon  detectors  each  located  at  the  uncooled 
focal  plane.  The  middle  IR  bands  (5  and  7)  consists  of  16  Indium-antimonide 
photo  diodes  each.  The  far  IR  Band  (6)  consists  of  4 mercury-c^dEsi.um-tsllutlde 
detectors.  The  sensors  for  bands  5,  6 and  7 are  located  on  a radiative  cooler 
at  the  cooled  focal  plane.  The  positions  of  the  uncooled  and  cooled  sensor 
packages  in  the  optical  system  Is  shown  in  Figure  14.1-3. 
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Figure  14.1-1.  Thematic  Mapper  General  Configuration 
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Internal  calibration  and  D.C.  restore,  for  both  visible  and  thersal  bands,  are 
introduced  during  scan  mirror  turn-around  near  the  priiua  focal  plans  by  the 
pritsary  oacillating  calibration/restore  shutter  assembly.  This  shutter  assembly 
operates  at  the  same  frequency  as  the  scan  mirror.  The  internal  calibrator 
employs  three  mlnature  tungsten  lamps,  optical  filters  and  fiber  optics  to 
produce  eight  radiance  levels  within  the  dynamic  range  of  each  of  Bands  1 to  5 
and  7 . A blackbody  located  adjacent  to  the  prime  focal  plane  is  used  to  obtain 
three  temperature  levels  in  Band  6.  The  blackbody  image  is  projected  into  the 
Band  6 field  of  view  by  a mirror  located  on  the  calibratlon/restore  shutter.  In 
the  event  of  primary  shutter  failure,  a mechanism  actuated  by  a fusible  link 
will  retract  the  primary  shutter  and  permit  usage  of  the  backup  shutter 
mec-banlsm.  The  backup  shutter  provides  DC  restore  only.  The  radiative  cooler  is 
a i.ti-8tage  unit  that  provides  a 95oj^  environment  for  the  detectors  of  Bands 
5,  6 and  7.  The  radiation  cooler  door  used  for  launch  and  recovery  cleanliness- 
-as  well  as  an  earth  albedo  shield — has  three  commandable  positions:  1)  door 
open,  2)  door  closed,  3)  door  outgas.  The  door  motor  has  an  integral  brake 
which  la  disengaged  when  power  is  applied  to  the  motor  and  stops  the  motor 
rotation  when  power  is  removed.  In  the  event  of  door  motor  failure,  a fusible, 
spring-loaded  link  assembly  is  actuated,  allowing  the  opening  of  the  radiation 
cooler  door. 

A ground  commandable  focus  adjustment  and  regis.tration  alignment  is  provided  for 
on-orbit  adjustment  of  the  infrared  bands.  This  is  accomplished  with  piezo- 
electric actuator  (inchworta)  sssemblies.  These  devices  support  the  spherical 
mirror  mount  and  will  provide  linear  movement  as  a result  of  the  property  of 
piezo-ceramic  material  that  causes  a dimensional  change  when  an  electrical 
charge  is  induced.  The  successive  clamping  and  unclamplng  of  collars  around  the 
piezoceramlc  rods  and  application  of  voltage  to  the  piezoceramic  rod  material 
causes  the  mirror  to  move  providing  mirror  focus  and  adjustment. 

The  signals  from  the  detectors  are  amplified,  filtered  and  sent  to  the  TM 
multiplexer.  The  multiplexer  accepts  the  data,  analog  multiplexes  all  detector 
channels  in  each  band  on  a single  channel,  converts  to  digital,  and  multiplexes 
the  digital  channels  along  with  sync,  timecode,  mirror  position  information  and 
telemetry  into  a signal  acceptable  to  the  wideband  communications  subsystem. 
This  data  is  formated  into  a 84.9  Mbps  data  stream.  This  format  is  described  in 
the  Data  Format  Control  Book,  Volume  V (Payload). 
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lA .2  m PERFORMANCE  CAPABILITIES 

THEMATIC  f^PER  PARAMETER  LIST 


General  Parameters 


Weight  (Max) 
Power 

243  kg 

o Max 

365  w 

o Normal,  bands  1-7 

282  w 

Resolution 

30  m 

Data  Rate 

84.9  Mbps 

Scan  Mirror  Parameters 

Swath  width 

185  km 

Active  scan  angle 

0.1343  rad 

Swath  width  at  Oo  fj 

480  m 

Data  rate 

84.903  Mbps 

Scan  frequency 

6.9967  Hz 

Scan  period 

142.925  ms 

Scan  rate 

4.421910  rad/sec 

Scan  efficiency 

85S 

Active  scan  time 

60.743  ms 

Turnaround  time 

10.719  B8 

IFCV  dwell  time 

9.611  usee 

Scan  line  length 

6320  IFOV 

Inertia 

0.37  iti-lbf-sec2 

Clear  aperture 
Reflectance 

41.05  by  53.24  cm 

Band  1 

0.95 

Band  2 to  5,  7 

0.97 

Band  i'> 

0.94 

Primary  Telescope  Parameters 

Primary  diameter 

40.6  cm 

Primary  area 

1297.2  cm2 

Secondary  obscuration  diameter 

15.8  cm 

Secondary  obscuration  area 

194.8  cm2 

Effective  focal  length 

243.8  cm 

f /no. 

Prlmary/Secondary  reflectance 

6.0 

Band  1 

0.94 

Band  2 

0.95 

Band  3 , 4 

0.97 

Band  3 , 4 

TBD 

Scan  Line  Corrector 


Scan  frequency 

13.99  Hz 

Scan  period 

7 1 .462  mi 

(ellipse) 
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Scan  efficiency 

Active  scan  time 

Turnaround  time 

Scan  Rate  In  object  space 

Rotation  rate 

Rotation  amplitude 

Mirror  separation 

Linear  Image  displacement  amplitude 
Linear  Image  displacement  rate 
Mirror  reflectance 
Band  1 to  A,  6 
Band  5 , 7 

Cold  Focal  Plane  Assembly 
Detector  size 
Bands  5 , 7 
Band  6 

Detector  sensitive  area 
Bands  S , 7 
Band  6 

Number  of  detectors 
Banda  5 , 7 
Band  6 

Center-to-center  spacing  in  each  row 
Bands  5 , 7 
Band  6 

Center-to-center  spacing  between  rows 
Bands  5,  7 
Band  6 
IFOV  size 

Bands  3 , 7 
Band  6 

Detector  operating  temperatures 


85.3% 

61.0  ms 
10. A6  ms 

9.61  mr/sec 
576.6  mr/sec 
35.  mr 
4.06A  cm 
0.1420  cm 
2.332  cm/sec 

0.95 

0.96 


0.00533  cm2 
0.0207  cm2 

2.84  by  10*5  ^.^2 
4.29  by  10“^  ca^ 

16  each  band 
4 

0.01035  cm 
0 .04 14  cm 

0.01295  cm 
0.0518  cm 

43.75  urad 
170.0  urad 
900^  95°,  100°K 


Prime  Focal  Plane  Assembly 
Detector  size 
Detector  sensitive  area 
Center-to-center  spacing  in  each  row 
Center-to-center  spacing  between  rows 
IFOV  size 

Number  of  detectors 
Bands  I to  4 
Signal  bandwidth 
Detector  operating  temperature 


0.01036  cm2 
107.4  by  10*6  ^,^^2 
0.0207  cm 
0.0259  cm 
42.5  urad 

16  each  band 
52.02  kHz 
10°  to  25®C 


Relay  Optics 

Folding  mirror  diameter 
Clear  aperture  diameter 


8 .06  cm 
7.44  cm 
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Clear  aperture  diaMter 
Magnification 
f /no. 

Mirror  reflectance 
Bands  5,6,7 

Ambient  dewar  window  transmission 
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14.22  cm 
13.57  cm 
0.5 
3.0 

0.98 

0.93  (bands  5,  6,  7) 


tral  Bandwidths , um 
Band  I 
Band  2 
Band  3 
Band  4 
Band  5 
Band  6 
Band  7 


0.45  to  0.52 
0.52  to  0.60 
0.63  to  0.69 
0.76  to  0.90 
1.55  to  1.75 
10.4  to  12.5 
2.08  to  2.35 


Radiative  Cooler  Parameters 

Horizontal  field  of  view 
Vertical  field  of  view 
Intermediate  stage  radiator  area 
Cold  stage  radiator  area 
Radiation  surface  characteristics 
Cold  stage  temperature  capability 
3 cooled  bands 

Cold  stage  control  temperatures 


1600 
1140 
690  cffi2 
430  cm^ 

Black  painted  honeycomb 
81.&Ok 

90.0®,  95.0®,  105. 0®K 
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™ MODES  OF  OPERATION 

The  TM  operates  in  any  of  three  configurations.  Six  normal  operational  nodes 
have  been  defined.  The  configurations  and  laodes  are  discussed  in  the  following 
paragraphs . 

14.3.1  TM  CONFIGURATIONS 

There  are  three  TM  configurations:  Primary,  Redundant,  and  Mixed.  In  the 
primary  configuration,  all  TM  components  designated  I or  prime  have  been 
selected.  In  the  redundant  configuration,  all  TM  components  designated  2 or 
redundant  have  been  selected.  Any  conflfuratlon  sainitaining  mixtures  of  "1”  and 
“2"  or  “Prime"  and  “Redundant"  components  is  a mixed  configuration.  The  command 
sequences  used  to  obtain  the  Primary  and  Redundant  configurations  are  defined  in 
Paragraph  14.6.2. 

14.3.2  TM  OPERATIONAL  MODES 

A large  number  of  TM  awdes  are  feasible.  A number  of  standard  modes  are  defined 
in  this  paragraph.  Modal  definitions  are  Independent  of  configuration.  The 
standard  TM  modes  are  Launch,  Off,  Standby,  and  Image. 

14.3.2.1  TH  Launch  Mode 

In  launch  mode  the  TM  is  configured  as  if  it  ware  in  IMAGE  mode  except:  power 
supplies  are  off,  TM  buses  A and  B are  disabled,  fuselink  power  la  disabled,  19 
volt  standby  power  is  off,  safehold  and  standby  heaters  are  enabled,  SMA  heater 
power  is  enabled,  the  radiative  cooler  door  is  closed  and  magnetic  door  latches 
are  on.  Launch  mode  power  is  approximately *12  watts.  The  command  sequence  to 
be  used  to  obtain  the  launch  mode  appears  in  Paragraph  14.6.2. 

14.3.2.2  TM  Off  Mode 

In  the  off  taode  the  TM  is  configured  as  if  It  were  in  IMAGE  mode  except:  power 
supplies  are  off,  TM  power  buses  A and  B are  enabled,  the  SMA  heater  bus  is 
enabled,  the  fuse  link  bus  is  enabled,  the  safehold  and  standby  heaters  are 
enabled,  and  the  +19  volt  standby  power  is  off.  The  command  sequence  required 
to  place  the  TM  in  the  off  mode  appears  in  Paragraph  14.6.2. 

14.3.2.3  TM  Standby  Mode 

The  TM  standby  mode  maintains  the  TM,  thermally,  so  tfiat  it  will  produce  In- 
specif Icacion  images  within  four  minutes  of  turn  on-  In  the  standby  mode,  the 
following  components  ai.e  tetaperature  controlled;  scaa  tairror  assembly,  baffles, 
calibration  blackbody,  and  the  cold  focal  plane  assembly.  In  standby,  the  TM  is 
configured  as  if  it  were  In  IMAGE  mode  except:  the  power  supplies  are  off  and 
+19  volt  standby  power  Is  on.  The  command  sequence  used  to  obtain  standby  mode 
is  defined  In  Paragraph  14.6.2. 
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14.3.2.4  TM  Image  Mode 

The  TM  image  mode  provides  data  to  the  wideband  communlcatioaa  subsystem 
representative  of  the  multispectral  scene  "viewed"  by  the  TM.  In  the  image  mode 
the  TM  configuration  is  as  follows:  power  supply  on,  mux  on,  bands  one  through 

7 on,  scan  mirror  on  in  SAM  control  mode,  thermal  shutdown  enabled,  calibration 
lamps  1,  2 and  3 on,  calibration  sequencer  on,  calibration  shutter  on  in 
amplitude  and  phase  lock,  CFPA  controller  on  with  set  point  Tj^  selected, 

blackbody  controller  on  with  T.  selected,  door  electromagnets  off,  MDCG'a  on,  DC 
restore  normal,  telemetry  scaling  on,  inchworms  off,  LVDT  on,  cooler  door  open, 
midscan  off,  SMA  heaters  enabled,  cooler  telemetry  enabled  fusellnks  safe,  scan 
line  corrector  on  and  baffle  heaters  enabled.  The  image  mode  command  sequence 
is  defined  in  Paragraph  14.6.2. 

14.3.2.5  Earth  Pointing  Safehold  Mode 

In  the  earth  pointing  safehold  mode  the  TM  should  be  configured  as  follows:  TM 

power  A and  B dlsableu  TM  SMA  heater  bus  -efebled,  TM  safehold  heater  power  and 
thermostats  enabled  and  external  standby  heaters  enabled.  The  TM  +19  volt 
external  standby  power  should  be  turned  on  as  soon  as  command  capability  is 
established. 

14.3.2.6  Inertial  Safehold  Mode 

In  the  Inertial  safehold  mode,  the  TM  power  buses  shall  be  configured  as  in  the 
earth  pointing  safehold  and  the  cooler  door  shall  be  closed  as  soon  as  comtiand 
capability  is  established  (see  Paragraph  14.6.2.26). 

14.4  THEMATIC  MAPPER  CONSTRAINTS 

14.4.1  TM  TELEMETRY  CONSTRAINTS 

Thematic  mapper  passive  analog  telemetry  is  always  valid.  Analog  and  serial 
digital  teleme.;“y  require  that  the  TM  be  on  and  in  the  appropriate  mode. 
Telemetry  validity  is  addressed  on  an  individual  telemetry  function  basis  in 
Paragraph  14.7. 

14.4.2  TM  COMMAND  CONSTAINTS 

14.4.2.1  Discrete  to  Serial  Magnitude  Command  Timing 

A discrete  command  shall  not  be  directed  to  the  TM  within  32  milliseconds  of  a 
serial  command  message  associated  with  serial  magnitude  command  871  or  872. 

14.4.2.2  Serial  Command  Message  Timing 


Serial  command  messages  associated  with  a unique  TM  serial  command  (871  or  872) 
shall  be  separated  by  a minimum  of  10  seconds. 


14.4.2.3  Serial  Coiamand  Meaaage  Content. 

Serial  command  messages  associated  with  comaands  871  and  872  shall  contain  no 
taore  than  one  (1),  one  (1). 

14.4.2.4  Multiplexer  Operation 

The  multiplexer  shall  not  be  commanded  on  if  Inchworra  power  is  on. 

14.4.2.5  bfeiltiplexer  Turn-On 

The  multiplexer  turn-on  commands  (MUXlOK  or  MUX20N)  shall  not  be  executed  within 
20  milliseconds  of  issuing  a power  supply  on  command  (PSION  or  PS20N),  one  (1). 

14.4.2.6  Inchworm  Operation 

The  inchworm  power  supply  shall  not  be  turned-ori  (IWON)  if  the  multiplexer  is 
on. 


14.4.2.7  Calibration  Shutter 

Once  the  calibration  shutter  is  powered  off,  power  shall  not  be  resupplied  for 
at  least  80  seconds  to  allow  the  slow  start  capacitor  to  discharge. 

14,4.3  TEMPERATURE  CONSTRAINTS 

14.4.3.1  Scan  Mirror  Assembly 

The  scan  mirror  sh.all  not  be  turned-on  If  the  scan  mirror  assembly  temperature, 
as  monitored  by  +Z  or  -Z  SMA  housing  temperture  monitors  (TDWNSMT  or  TUPSMT),  is 
less  than  10oq_ 

14.4.3.2  Power  Supply  Temperature 

If  the  power  supply  temperature  (TPST)  exceeds  30o  centigrade,  the  power  supply 
shall  be  turned  off.  If  the  power  supply  temperture  is  less  than  10®C  the 
external  standby  power  shall  be  enabled. 

14.4.3.3  Multiplexer  Temperature 

If  the  multiplexer  temperature  (TMUXET)  exceeds  shall  be  turned 

off, 

14.4.3.4  SLC  Temperature 

If  the  scan  line  corrector  temperature  (TSLCT)  exceeds  40Oc  {-he  TM  shall  be 
turned  off. 
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14.4.3.5  Cal  Lamp  Filter  Temperature 

If  the  calibration  lamp  filter  temperature  (TLMPFT)  exceeds  55oj;  shall  be 

turned  off. 

14.4.4  PRESSURE  CONSTRAINTS 

The  TM  inchworms  may  be  energized  at  ambient  pressure  or  after  3 hours  at  10~5 
torr.  The  inchtforms  shall  not  be  energized  in  the  intervening  pressure  region. 

14.4.5  OPERATIONAL  CONSTRAINTS 

1 

{ 

I 14.4.5.1  Duty  Cycle  Constraint 

1 The  TM  shall  not  support  a long  term  duty  cycle  in  excess  ot  30%  on. 

{ 

14.4.5.2  Warm  Up  Time 

A warm-up  time  of  less  than  four  minutes  is  valid  only  from  the  standby  mode. 


14.4.5.3  Attitude  Constraints 

The  TM  Instantaneous  field  of  view  shall  not  come  within  +20o  5^,^  fsee 

Figure  14.4-1). 

The  cooler  field  of  view  shall  not  "view"  the  sun  Cor  more  than  five  minutes. 

14.4.5.4  Safehold  Constraints 

If  the  spacecraft  safehold  nade  is  initiated,  the  TM  safehold  command  sequence 
shall  be  executed  at  the  earliest  opportunity. 


i 
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Figure  14.4-1.  TH  Aperture  Sun  Avoidance  Field 
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14.5  TM  REDUNDANCY  AND  CROSS-STRAPPING 

The  Thematic  Mapper  approach  to  redundancy  to  provide  block  redundancy  for 
critical  components  and  backup  iperational  mode."  for  lass  critical  components. 
Redundant  components  are  necessarily  cross-strapped.  All  TM  cross-strapping  is 
passive  (i.e.  selected  by  comrand). 

14.5.1  REDUNDANT  COMPONENTS 

The  redundant  TM  components  are  listed  in  Table  14. S--!.  Each  of  these 
components  is  completely  redundant.  The  command  receiver  and  command  generator 
redundancy  is  soc  'what  compromised  in  that  .he  primary  units,  interface  only 
with  the  RIU  A unit  and  the  redurdaut  units  interface  on'y  with  the  RIU  B units 
(VIZ:  these  components  are  redundant  but  not  cross-atrapred) . 

14.5.2  REDUNDANCY  FEATURES 

The  TM  contains  a number  of  backup  components  (see  Table  14.5-1).  A backup 
component  replaces  a prime  component  but  .i  degradation  in  performance  may  result 
as  the  backup  component  is  not  Identical  to  the  component  it  replaces.  A 
nagnetic  pickup  that  senses  scan  mirror  position  can  be  selected  to  control 
mirror  motion  if  toth  scai'  angle  monitors  fail.  Use  of  magnetic  pickup  changes 
the  method  of  mirror  control.  A backup  shutter  is  provided  that  provides  the 
critical  DC-restore  function  of  the  primary  (calibration)  shutter  but  does  not 
provide  calibration  sources.  To  utilize  the  backup  shutter,  the  shutter  must  be 
removed  from  Che  optical  path.  This  can  be  accomplished  by  command  but  is 
irreversible.  A backup  method  of  opening  the  cooler  door  is  provided.  Once 
opened  by  this  method  Che  door  cannot  be  moved. 

In  addition,  the  TM  design  provides  a number  of  bactep  operation  modes  which 
minimize  the  effects  of  couponent  failures.  Seme  of  these  design  features  are 
listed  la  Table  14.5-1. 
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Table  14.S-li  TM  Redundant  Components 


Fully  Redundant  Components 

Scan  Mirror  Electronics 

Scan  Angle  Monitor 

Scan  Line  Corrector  Electronics 

Serial  Command  Receivers 

Macro  Discrete  Command  Geneirators 

Power  Supplies 

Back  Up  Components 

Magnetic  Pick 
Door  Fusible  Link 
Backup  Shutter 

Back  Up  Modes 

Manual  Calibration  Sequencing 
Calibration  Override  Mode 
Blackbody  Control  Modes  (3) 

GFPA  Control  Modes  (4) 

Baffle  Temperature  Control  Modes  (2) 

DC  Restore  Selection 

Design  Features 

Individual  Electronics  for  Each  Band 

Scan  Mirror  Torquer  Redundant  for  "open"  Colls 
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14.6  THEMATIC  MAPPER  COKMAiroS 

Operation,  of  the  Thematic  Mapper  ia  controlled  by  125  commands:  105  Thematic 

Mapper  (TM)  Commands;  14  Power  Distribution  Unit  (PDU)  commands;  and  6 Signal 
Conditioning  and  Control  Unit  (SC&CU)  commands.  The  1Q5  TM  commands  are 
comprised  of  63  discrete  commands  and  42  cotmnands  derived  from  3 serial  command 
words.  The  TM  commands  are  listed  in  Table  14.6-1.  The  14  discrete  PDU 

commands  affecting  the  TM  are  listed  in  Table  14.6-2.  The  6 SC&CU  commands 
affecting  the.  TM,  derived  from  serial  command  message  470  are  listed  in  Table 
14.6-3. 


TM  commands  are  described  in  Paragraph  14.6.1,  Standard  TM  command  sequences  are 
described  in  Paragraph  14.6.2,  command  restraints  appear  in  Paragraph  14.6.3, 
and  functional  command  schema  tics  appear  in  Paragraph  14.6.4. 

14.6.1  COMMAND  DESCRIPTIONS 

The  following  paragraphs  describe  the  operation  of  commands  affecting  the 
Thematic  Mapper.  Inter-related  commands  are  discussed  in  the  same  paragraph. 
Comcand  descriptions  can  be  located  by  referring  to  the  command  list  (Table 
14.6-1). 


14.6.1.1  Power  Supply  Control  Commands 

The  Thematic  Mapper  has  redundant  power  supplies.  Power  supply  1 is  connected 
to  Instrument  Module  (IM)  power  bus  A and  power  supply  2 is  supplied  by  IM  bus 
B.  The  power  supplies  are  virtually  identical  and  the  secondary  outputs  are 
diode  or-ed  to  provide  power  to  the  TM.  The  associated  telemetry  is 
predominately  derived  from  the  or-ed  buses.  Both  supplies  have  built  in 
protective  circuits  (viz:  over-voltage,  under-voltage,  inrush  current,  over 
temperature,  load  current,  etc.)  which  affect  operation.  It  is  possible  to 
command  both  supplies  on  without  damage  to  the  system.  The  TM  power  supplies 
are  controlled  by  the  following  six  discrete  commands: 


Command 

I?  Acronym  Name 


632 

PSION 

642 

PSIOFF 

605 

PS20N 

615 

PS20FF 

736 

THSPNENA 

702 

THSDNDIS 

Power  Supply  1 On 
Power  supply  1 Off 
Pow. r supply  2 ON 
Power  Supplj'  2 Off 
Thermal  Shutdown  Enable 
Thermal  Shutdown  Dlsaole 
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See  Page  14-103  for  Table  14.6-1 
See  Page  14-106  for  Table  14.6-2 
See  Page  14-107  for  Table  14.6-3 
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Command  632,  PSION,  turns  on  TM  power  supply  1.  Execution  of  PSION  momentarily 
(~6mS).  closes  power  supply  relay  K4  (see  Figure  Cloelrig  K4  initiates 

the  pulse  stretcher  that  latches  RLl  • Latching  RLl  connects  power  bus  A to  the 
dc  to  dc  converter  through  a 10  ohm  current  limiting  resistor.  The  surge 
current  sensing  circuit  shorts  out  the  current  limiting  resistor  when  the 
current  surge  is  past  and  the  input  voltage  is  above  the  lower  threshold.  The 

mini  switcher  and  maxi-switcher  turn  on  and  provide  secondary  voltages. 
Execution  of  PSION  requires  that  Bus  A be  enabled  (ENATMA) , since  that  bus 
supplies  ttie  auxiliary  regulator  that  powesrs  the  command  pulse  stretcher.  The 
reciprocal  of  PSION  is  PSIOFF.  Execution  of  PSION  can  be  uniquely  verified  if 
power  supply  2 is  off  by  the  following  telemetry  responses: 


Function 

State 

Mode 

TMPSII 

>10  ents 

— 

TM17V 

>10  ents 

— 

TM127VP 

>10  ents 

— 

TM127VN 

>10  ents 

— 

All  telemetry  functions  should  also  assume  nominal  values  for  the  operating 
mode.  If  power  supply  2 is  on,  power  supply  1 will  be  connected  to  bus  A but 
will  not  supply  secondary  voltages  until  power  supply  2 is  turned  off. 

Command  642,  PSIOFF,  turn?  off  power  supply  1.  Execution  of  PSIOFF  momentarily 
closes  power  sup  ' .y  relay  K5  (see  Figure  14.6-1).  Closing  K5  initiates  the 
pulse  stretcher  that  resets  main  power  relay  RLl.  Resetting  RLl  disconnects 
power  supply  1 from  IM  bus  A.  Execution  of  PSIOFF  requires  that  IM  bus  A be 
enabled.  The  reciprocal  of  PSIOFF  is  PSION.  Execution  of  PSIOFF  produces  the 
following  telemetry  responses: 


Function 

State 

Mode 

TMPSII 

<10 

ents 

— 

TM17V 

<10 

ents 

— 

TM127VP 

<10 

ents 

— 

TM127VN 

<10 

ents 

— 

Command  605,  PS20N,  turns  on  TM  power  supply  2.  Execution  of  PS20N  momentarily 
(~6mS)  closes  power  supply  relay  K1  (see  Figure  14.6-1).  Closing  K4  Initiates 
the  pulse  stretcher  that  latches  RL2 . Latching  RL2  connects  power  bus  B to  Che 
dc  to  dc  converter  through  a 10  ohm  current  limiting  resistor.  The  surge 

current  sensing  circuit  shorts  out  the  current  limiting  resistor  when  the 
current  surge  Is  past  and  the  Input  voltage  is  above  the  lovmr" threshold.  The 
mini  switcher  and  tnaxl-swl tcher  turn  on  and  provide  secondary  voltages. 
Execution  of  PS20N  requires  that  Bus  B be  enabled  (ENATMB),  since  that  bus 
supplies  the  auxiliary  regulator  that  powers  the  command  pulse  stretcher.  The 
reciprocal  of  PS20N  Is  PS20FF.  Execution  of  PS20N  can  be  uniquely  verified  if 
power  supply  1 is  off  by  the  followittg  telemetry  responses: 
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Function 

State 

Mode 

TMPS21 

>10  cnts 

— 

TM27V 

>10  cnts 

-- 

TM227VP 

>10  cnts 

— 

TM227VN 

>10  cnts 

— 

All  telemetry  functions  should  also  assume  nominal  values  for  the  operating 
mode.  If  power  supply  1 is  on,  power  supply  2 will  be  connected  to  bus  B but 
will  not  supply  secondary  voltages  until  power  supply  1 Is  turned  off. 

Command  615,  PS20FF,  turns  off  power  supply  2.  Execution  of  PS20FF  momentarily 
closes  power  supply  relay  K2  (see  Figure  14.6“1).  Closing  K.2  initiates  the 
pulse  stretcher  that  resets  main  power  relay  RL2 . Resetting  RL2  disconnects 
power  supply  2 from  IM  bus  B.  Execution  of  PS20FF  requires  that  IM  bus  B be 
enabled.  The  reciprocal  of  PS20FF  is  PS20N.  Execution  of  PS20FF  produces  the 
following  telemetry  responses; 


Function 

State 

Mode 

TMPS2I 

<10  cuts 

— 

TM27V 

<10  cnts 

— 

TM227VP 

<10  cnts 

— 

TM227VN 

<10  cnts 

Command  736,  THSDNENA,  enables  the  automatic  turn  off  of  either  power  supply  If 
their  temperature  limit  Is  exceeded.  Execution  of  THSDNENA  latches  relays  K3  and 
K6  In  the  mlnl-swi tchers • Latching  K3  and  K6  connects  Che  output  of  the 
temperature  threshold  detector  circuit  to  the  shutdown  port  of  the  maxi- 
switcher. If  either  power  supply  Is  on  and  If  Its  temperature  limit  (5QOc)  is 
exceeded,  the  maxi  switcher  Is  inhibited.  The  reciprocal  of  THSDNENA  Is 
THSDNDIS.  Execution  of  THSDNENA  also  latches  A16K8.  Latching  A16K8  connects 
the  verification  unit  +5  volts  to  the  telemetry  output.  THSDNENA  produces  the 
following  telemetry  response  If  the  TM  is  on. 

Function  State  Mode 


TTHSDWN 


1 


Enabled 
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Command  702,  THSDNDIS,  disables  Che  auComatlc  overcemperature  shutdown  circuits. 
Execution  of  THSDNDIS  resets  mini -switcher  relays  IC3  (PS2)  and  K6  (PSl)  and 
relay  A16K8.  Resetting  K3  and  R6  ground  the  shutdown  port  of  the  maxi-switcher 
preventing  the  over  temperature  circuits  from  inhibiting  the  maxl-switcher • 
Resetting  A16K8  grounds  the  thermal  shutdowxi  telemetry  point.  The  reciprocal  of 
THSDNDIS  is  THSDNENA.  Execution  of  THSDNDIS  produces  the  following  telemetry 
response. 


Function 

State 

Mode 

TTHSDWN 

0 

Disabled 

14.6.1.2  lAiltiplexer  Control 

Commands 

Multiplexer  operation  is  controlled  by  two  discrete  commands  and  two  serial 
command  messages. 


Acronym 

Name 

648 

MUXlON 

Power  Supply  1 

to  Mux 

ON 

658 

MUXIOFF 

Power  Supply  1 

to  Mux 

Off 

621 

MUX20N 

Power  Supply  2 

to  Mux 

On 

631 

MUX20FF 

Power  Supply  2 

to  Mux 

Off 

870[0003] 

MIDSCN 

Midscan  On 

870[0000] 

RST870 

Reset  870 

Command  648  (MUXlON)  turns  on  the  multiplexer,  when  power  supply  1 is  On,  as 
shown  in  Figure  14.6-2.  MLIXION  momentarily  closes  holding  relay  K2 , initiating 
the  pulse  stretcher  circuit  that  latches  MUX  power  relay  K5.  Latching  K5 
connects  the  +30  volt  output  of  power  supply  1 to  the  multiplexer  power  input, 
turning  on  the  mux.  Execution  of  command  648  requires  that  power  supply  1 be 
On,  to  provide  power  to  the  pulse  stretcher  circuit.  Command  658.  "Power  Supply 
1 to  Mux  Off"  is  the  reciprocal  or  complement  to  command  648.  MUX? ON  1s  not 
directly  verifiable.  However,  if  power  supply  1 is  on  and  the  command  executes 
correctly,  the  telemetry  functions  listed  in  Table  14.6-4  should  be  within  their 
ON  limits  within  one  major  frame.  Command  658,  MUXIOFF,  turns  off  the 
multiplexer  if  it  is  powered  from  power  supply  1.  biUXlOFF  momantarily  closes 
holding  relay  K1  (see  Figure  14.6-2),  activating  the  pulse  stretcher  that  resets 
(unlatches)  mux  power  relay  K5.  Resetting  R5  disconnects  the  +30  volt  output  of 
power  supply  1 from  the  mux  power  input.  Execution  of  command  658  requires  that 
power  supply  1 Is  ON.  Command  648,  MUXlON,  is  the  complement  (reciprocal)  of 
command  658.  MUXIOFF  is  not  directly  verifiable.  However,  if  power  supply  1 is 
powered  the  multiplexer  and  if  power  supply  2 is  off  or  not  connected  to  the 
multiplexer,  then  execution  of  the  MUXIOFF  command  will  cause  the  telemetry 
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functions  listed  In  Table  14.6«4  to  obtain  their  OFF  values,  the  digital 
functions  to  go  to  zero,  and  terminate  data  and  clock  outputs  to  the  wideband 
system. 


Table  14.6-4.  Multiplexer  Telemetry  Functions 


TMUX30V 

TMIADVR 

TMUXI 

TM2.ADVR 

TMUX5VP 

TM3ADVR 

TMUX18VP 

TM4ADVR 

TMUX3VN 

TM5ADVR 

TMUX5VN 

TM7ACVR 

TMUXI 3 VN 

Command  621,  MUX20N,  turns  the  multiplexer  on  assuming  that  Power  Supply  2 is 
on.  MUX20N  momentarily  closes  holding  relay  K4  (see  Figure  14.6-2),  activating 
the  pulse  stretcher  that  sets  mux  power  relay  K6.  Setting  K6  connects  Power 
Supply  2 +30  volt  output  to  the  multiplexer  power  input.  Esecutiou  of  command 
621  requires  that  Power  Supply  2 is  ON,  to  pov;er  the  pulse  stretcher.  Corjmand 
631,  MUX20FF,  is  the  complement  .ciprocal)  command.  The  command  KUX20N  is  not 
directly  verifiable.  However,  If  Power  Supply  2 is  on  and  Power  Supply  1 is  off 
or  not  connected  to  the  multiplexer,  execution  of  ;'HIX2QN  will  cause  the 
telemetry  functions  listed  in  Table  14.6-4  to  obtain  their  ON  values.  Mux 
digital  telemetry  to  obtain  their  on  values  and  data  and  clock  signals  to  be 
output  to  the  Wideband  Communications  Subsystem. 

Command  631,  MUX20FF,  turns  the  multiplexer  off  assuming  that  it  was  being 

powered  by  Power  Supply  2.  MUX20FF  momentarily  closes  holding  relay  K3  (see 

Figure  14.6-2),  activating  the  pulse  stretcher  that  resets  mux  power  relay  K6. 
Resetting  K6  disconnects  the  +30  volt  output  of  Power  Supply  2 from  the  mux 
power  input.  Command  631,  MUX20N,  Is  the  command  complement  (reciprocal). 
Execution  of  the  command  MUX20FF  requires  that  Power  Supply  2 be  ON.  MUX20FF  is 
not  directly  verifiable.  However,  if  Power  Supply  2 Is  powering  the  multiplexer 
and  Power  Supply  1 is  off  or  not  connected  to  the  MUX,  execution  of  MUX20FF  will 
cause  the  telemetry  functions  listed  in  Table  14.6-4  to  obtain  their  OFF  values, 
digital  function  to  equal  zero,  and  terminate  data  and  clock  signals  to  the 
Wideband  Communications  Subsystem. 

Command  631,  MUX20FF,  turns  the  multiplexer  off  assuini.ng  that  it  was  being 

powered  by  Power  Supply  2.  MUX20FF  moasentarlly  clones  holding  relay  K.3  (see 

Figure  14.6-2)  activating  the  pulse  stretcher  that  resets  mux  povier  relay  K6 . 
Resetting  K6  disconnects  the  +30  volt  output  of  Power  Supply  2 from  the  mux 
power  input.  Command  621,  MUX20M,  is  the  command  complement  reciprocal. 
Execution  of  the  command  MUX20FF  require  that  power  supply  2 be  ON.  lfUX20FF  is 
not  directly  verifiable.  However,  if  Power  Supply  2 is  powering  the  multiplexer 
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and  Power  Supply  1 is  off  or  not  connected  to  the  MUX,  execution  of  K0X20FF  will 
cause  the  telemetry  functions  listed  in  Table  14.6-4  to  obtain  their  OFF  values, 
digital  function  to  equal  zero,  and  terminate  data  and  clock  signals  to  the 
Wideband  Communications  Subsystem, 

It  should  be  noted  that  both  TM  power  supplies  can  be  on  and  connected  to  the 
multiplexer.  If  this  staf*  o't.lsts,  the  verification  of  single  cotaaands  may  not 
be  possible  as  the  telemetry  verifies  multiplexer  status — not  command  execution. 

Bits  15  and  16  of  serial  command  message  870  control  the  insertion  of  the  mid 
scan  marker  code  into  the  TM  data  stream.  If  both  bits  are  decoded  as  I's  the 
mid  scan  marker  is  inserted  into  the  data  stream,  otherwise  Che  code  Is  not 
Inserted.  The  command  MIDSCN  sets  bits  15  and  16  to  “ones".  The  command  RST870 
sets  all  the  bits  in  word  870  to  “zeros".  Command  word  870  is  received  and 
decoded  by  the  serial  command  receiver  and  logic  levels  corresponding  to  the 
command  bits  are  generated  for  bits  15  and  16.  These  bits  are  logically  NAND-ed 
(see  Figure  14.6-3)  to  produce  the  mid  scan  marker  insertion  signal  which  is 
utilized  in  the  mux  formatter  to  produce  a marker  comprised  of  48  words  of  level 
255  followed  by  48  words  of  level  0.  Command  execution  requires  that  the  TM  be 
on  and  the  command  routed  via  the  RIU  that  interfaces  with  the  serial  comsaand 
receiver  selected. 

Execution  of  MIDSCN  is  verified  If  TECUO  “ 0003,  TNIDSCAN  “ 11,  and  the  midscan 
marker  appears  In  the  data.  Command  RST870  execution  is  verified  if  TECHO  “ 
0000. 

14.6.1.3  Scan  Mirror  Control  Commands 

The  Scan  Mirror  Assembly  (SMA)  consists  of  a oscillating  scan  mirror  driven  by  a 
torque  motor  powered  by  redundant  electronics  controlled  by  redundant  position 
sensors  and  microprocessors.  The  scan  mirror  assembly  is  temperature  controlled 
at  20  +2  degrees  centigrade. 
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SMA  control  is  obtained  through  tha  followliig  5 discrete  commands  and  four 
serial  command  messages: 


Number 

Command 

Acronym 

Name 

748 

SHEl SEL 

SME  1 ON/ 2 OFF 

704 

SME2SEL 

SMS  2 ON/1  OFF 

823 

SMEOFF 

Scan  Mirror  Electronics  Off 

750 

SAMISEL 

SAM  1 to  SME  1 

831 

SAM2SEL 

S/^  2 to  SME  2 

871(8000) 

PSMAENA 

SMA  +Z  Heater  Enable 

871(4000) 

PSMADIS 

SMA  +Z  Heater  Disable 

871(2000) 

NSMAENA 

SMA  -Z  He.ster  Enable 

871(1000) 

NSMADIS 

SMA  -Z  Heater  Disable 

ComtMu^i  748  (SIEISEL)  turns  scan  mirror  electronics  (SKS)  I on  and  SMS  2 off. 
This  discrete  comamnd  resets  relays  Kl  and  K2  and  latches  relay  K3  on  the  SMS 
board  (Figure  14.t>--4>.  Resetting  Kl  connects  the  scan  mirror  torque  motor  to 
SME  1 motor  drive  outputs.  Resetting  K2  connects  the  + 27  volt  SHE  power  buses 
to  SME  1.  Latchlitg  K3  disconnects  SHE  2 from  the  +27  volt  buses.  If  the  TM  is 
ON  ( Power  Supply  I or  2 on),  execution  of  command  7^8  will  result  in  scan  mirror 
operation.  If  the  TM  is  OFF  execution  will  configure  the  SME  control  relays  and 
scan  mirror  operation  will  commence  with  TM  power  ON.  Command  823,  Scan  Mirror 
Electronics  Off,  is  the  reciprocal  (complementary)  command.  SMEISEL  Is  verified 
If  TM  is  ON  and  TSMESEL  - 10. 

Command  704  (SME2SEL)  turns  SME  2 ON  and  SMEl  OFF.  This  discrete  command 
latches  SME  relays  Kl  and  K2  and  resets  relay  K3  (Figure  14.6-4).  Latching  Kl 
connects  SME  2 motor  drive  outputs  to  the  scan  mirror  torque  motor.  Latching  K2 
disconnects  SME  I from  the  +27  volt  SME  buses.  Resetting  K3  connects  SME  2 to 
+27  volt  power  buses.  If  the  TM  Is  ON,  ci'atmand  704  initiates  scan  mirror 
operation  from  SME  2.  If  the  TM  i.s  OFF  command  704  configures  the  SME  control 
relay  so  that  scanning  Is  Initiated  at  TM  power  ON.  Command  823,  Scan  Mirror 
Electronics  OFF,  Is  the  reciprocal  (complementary)  command.  Verification  of 
S>iF.2SEL  requires  that  TM  power  he  ON  and  that  TSMESEL  " 01. 

Comiaand  823  tSMEOFF)  turns  off  Che  scan  mirror  electronics.  This  discrete 
command  latches  SirC  relays  K2  and  K3  (.see  Figure  14.0-4).  Latching  K2 
disconnects  SME  I from  the  +27  volt  SIE  power  buses.  L.stchiiig  K3  disconnects 
SME  2 from  the  power  buses.  T f the  TM  is  ON  and  scanning,  commui  823  will  turn 
off  the  scan  mirror  electronics  and  scanning  will  stop.  If  t''e  TM  is  OFF, 
command  823  will  configure  the  SHE  rcl.-sys  t®  off  (non-scanning)  state.  The 
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reciprocal  (complementary)  commands  are  SMEISEL  and  SME2SEL.  Verification  of 
SMEOFF  requires  that  TM  power  be  On  and  that  TSMESEL  ” 00. 

Command  750,  SAMISEL,  selects  Scan  Angle  Monitor  (SAM)  1 as  the  control  element 
for  SME  1 and  the  magnetic  pick-up  as  the  control  element  for  SHE  2.  Discrete 
Command  750,  resets  SME  relay  K4  (see  Figure  14.6-4).  Resetting  K4  connects  SAM 
1 signals  to  the  SME  1 microprocessor,  and  the  magnetic  pick-up  signals  to  the 
SME  2 microprocessor.  Tf  SME  1 has  been  selected,  the  scan  mirror  will  operate 
in  the  active  scan  period  control  mode,  which  is  a normal  operational  mode.  If 
SME2  has  been  selected,  the  scan  mirror  will  operate  in  the  total  period  control 
mode  which  is  a backup  mode.  THe  reciprocal  (complement)  of  command  750  is 
command  831  which  latches  K4.  Execution  of  SAMISEL  is  verified  if  TM  is  On  and 
TSAMSEi.  - 1. 

Command  831,  SAM2SEL,  selects  SAM  2 as  the  control  element  for  SME  2 and  the 
magnetic  pick-up  as  the  control  element  for  SME  1.  Discrete  command  SAM2SEL 
latches  SME  relay  K4  (see  Figure  14,6-4).  Latching  K4  routes  the  signals  from 
SAM  2 to  SME  2 and  the  control  signals  from  the  magnetic  pick-ups  to  SME  1 
micro-processor.  If  Sl-E  1 has  been  selected  the  scan  mirror  will  operate  in  the 
fixed  total  scan  period  mode  and  if  SME  2 has  been  selected  the  scan  mirrors 
will  operate  in  the  fixed  active  scan  period  control  mode.  Active  scan  period 
mode  is  the  normal  operating  mode  and  fixed  total  period  is  the  backup,  mode. 
The  reciprocal  (complement)  of  command  831  is  command  730  which  resets  K4. 

Execution  of  SAM2SEL  is  verified  if  TM  is  On  and  TSAMSEL  » 0. 

Serial  Command  871,  message  8000  (PSMAENA) , enables  the  heater  controller  that 

maintains  the  +Z  end  of  the  scan  mirror  assembly  (SMA)  frame  at  20  ^2  degrees 

centigrade  (°c).  Command  PSMAENA  resets  relay  A5K1  and  latches  relay  A16K6. 
Resetting  A5K1  connects  the  +19  volt  buses  to  the  +12  volt  regulator  which 

powers  the  +Z  SMA  temperature  controller  (see  Figure  14.6-5).  Latching  A16K6 
provides  an  enable  signal  to  the  controller.  When  enabled,  the  temeprature 

controller  senses  (by  thermistor)  the  temperature  of  the  +Z  end  of  the  scan 
mirror  frame  and  turns  a 25  ohm  resistive  heater  on  and  off  as  required  to 

maintain  the  temperature  at  20  +2  degrees  centigrade  (°C).  The  heater  is 

powered  by  IM  bus  A/B  which  must  be  enabled  (PDU  command).  In  order  for  the  +Z 

SMA  temperature  controller  to  operate  the  TM  must  be  enabled.  Execution  of 
PSMAENA  requires  that  the  TM  micro-discrete  command  generator  (MDCG)  A be  on  and 
the  command  routed  via  the  RIU  (A  cr  B)  which  interfaces  with  MDCG  selected. 
The  reciprocal  (complement)  of  PSMAENA  is  serial  command  871  message  4000. 
PSMAENA  is  verified  if  TM  is  On  and  TSMASTAT  » **11,  where  * indicates  either  1 
or  0. 

Serial  command  871,  message  4000  (PSMADIS),  disables  the  heater  control 

circuitry  that  maintains  the  +Z  end  of  the  SMA  frame  at  20+2O(;^  PSMADIS 

latches  relay  A5K1  and  resets  relay  A16K.6.  Latching  A5K1  disconnects  the  rl9 
volt  buses  from  the  +12  volt  regulator  that  powers  the  ON/OFF  controller. 
Resetting  A16K6  removes  the  enable  signal  (ground)  from  the  controller.  With 

the  power  and  enable  signal  removed  the  +Z  heater  is  off.  Execution  of  PSMADIS 
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requires  that  Macrodiscrete  Command  Generator  A (prime  or  redundant  be  on  and 
that  the  command  be  routed  through  the  RIU  side  (A  or  B)  that  interfaces  with 
the  active  command  generator.  The  reciprocal  (complement)  to  871  message  (4000) 
is  871  message  (8000).  Verification  of  PSMADIS  requires  that  TM  be  on  and 
TSMASTAT  <•  **00,  where  * indicates  either  a 1 or  0. 

Serial  Command  871  message  2000  (NSMAENA)  enables  the  heater  control  circuitry 
that  maintains  the  -Z  end  of  the  SMA  frame  at  20  +2°C.  NSMAENA  latches  relays 
A5K5  and  A16K7 . Latching  A5K5  connects  the  +15  volt  buses  to  the  regulator 
which  poweres  the  controller.  Latching  A16K7  provides  the  enable  signal 
(ground)  to  the  controller.  When  enabled  the  controller  senses  the  temperature 
of  the  -Z  end  of  the  scan  mirror  frame  and  turns  the  resistive  heater  (25  ohnss) 
on  or  off  to  control  the  temperature.  The  heater  power  is  obtained  from  the 
Instrument  Module  A/B  bus  which  ntust  be  enabled  (PDU  function)  for  SMA  heater 
operation.  Execution  of  NSMAENA  requires  that  nsacrodiscrete  conanand  generator  A 
be  on  (prime  or  redundant)  and  that  the  command  be  routed  via  the  RIU  (A  or  B) 
that  interfaces  with  the  selected  command  generator.  The  command  recripocal 
(complement)  to  871  (2000)  is  871  (1000).  Execution  of  NSMAENA  is  verified  if 
TSMASTAT  » 11**,  where  * indicates  either  1 or  0. 

Serial  command  871  message  1000  (NSMADIS)  disables  the  heater  control  circuitry 
that  maintains  the  temeprature  of  the  -Z  end  of  the  scan  talrror  frame.  NSMADIS 
resets  relays  A5K5  and  A16K7 . Resetting  A5K5  disconnects  the  +19  voir  buses  from 
the  regulator  that  powers  the  ~Z  heater  control  circuits.  Resetting  A1&K7 
disconnects  the  enable  signal  from  the  control  circuit.  VJith  A5K5  and  AI6K2 
reset  the  -Z  SMA  heater  Is  off,  and  active  temperature  control  is  not 
maintained.  Execution  of  NSMADIS  requires  that  laacrodlscrete  command  generator 
A be  on  (either  prin^  or  redundant)  and  that  the  command  be  routed  via  the  RIU 
side  (A  or  B)  which  interfaces  with  the  selected  command  generator.  The 
reciprocal  of  NSMADIS  is  NSMAENA.  Verification  of  NSMADIS  requires  that  TM 
power  be  On  and  TSMASTAT  » 00**,  where  * indicates  1 or  0. 

14.6.1.4  Shutter  Control  Commands 

The  design  of  the  TM  utilizes  an  oscillating  shutter  which  obscures  the  field  of 
view  so  that  dc  restoration  may  be  performed.  Two  shutters  are  provided:  A 
primary  shutter,  which  blocks  the  field  of  view  and  provides  stimuli  for 
internal  check  of  calibration;  and  a backup  shutter  which  only  obscures  the 
field  of  view.  The  primary  or  calibration  shutter  blocks  the  field  of  view  in 
its  rest  position  and  when  operating  blocks  the  field  of  view  twice  per  shutter 
cycle  at  the  end  of  each  mirror  sweep  during  the  turn-around  interval.  The 
shutter  operation  is  syncnronized  (phase  and  amplitude)  to  the  mirror  end-of- 
scan  pulse.  During  the  obscuration  period  the  multiplexer  buffer  amplifiers  are 
set  to  level  2 1/2  +f/2  except  for  the  band  6 buffers  which  are  set  to  a level 
corresponding  to  the  shutter  temperature.  A backup  shutter  iu  provided  in  the 
event  that  the  primary  shutter  fails.  The  backup  shutter  contains  no  stimuli  and 
hence  provides  dc  restoration  only.  The  reset  position  of  the  backup  shutter 
does  not  obscure  the  field  of  view.  In  order  to  use  the  backup  shutter  the 
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primary  shutter  must  be  removed  from  the  field  of  view*  A fusible  link  operated 
mechanism  provides  this  capability  and  upon  execution  of  the  appropriate  coamand 
sequence  the  calibration  shutter  is  pemaneatly  removed  fro®  the  field  of  view 
and  cannot  be  operated. 

Shutter  operation  is  controlled  by  the  following  three  discrete  commands  and 
four  serial  command  messages; 


Number 

Command 

Acronym 

Name 

706 

CSHTRON 

Calibration  Shutter  On 

803 

BUSHTRON 

Backup  Shutter  On 

839 

SHTROFF 

Both  Sutters  OFf 

871(0080) 

SFLARM 

Arm  Shutter  Fuse  Link 

872(0008) 

SFLENA 

Enable  Shutter  Fuse  Link 

872(0002) 

SFXFIRE 

Fire  Shutter  Fuse  Link 

872(0001) 

FLSAPE 

Safe  Fuse  Link.s 

Command  706  (CSHTRON)  turns  on  the  calibration  shutter  and  turns  the  backup 
shutter  off.  Execution  of  CSHTRON  resets  relays  A6K1 , A6K2,  A.8K1  and  latches 
relays  a7k1,  A7K2  and  a5K3  (see  Figure  14.6-6).  Resetting  relay  A7K1  connects 
the  +33  volt  bus  to  the  shutter  drive  circuits  and  the  +8  volt  bus  to  the  +5 
volt  regulator  that  powers  the  shutter  drive  logic.  Resetting  A7k2  connects  the 
+19  volt  buses  to  the  -5  volt  regulator  that  provides  power  to  the  motor  drive 
circuits.  Resetting  A8K1  sets  the  dc  restore  signal  to  normal  which  selects  one 
of  the  two  shutter  teoperatute-derived  signals  to  be  utilized  for  band  6 dc 
restore.  Latching  relay  A7K.1  disconnects  the  +8  and  +33  volt  buses  from  the 
backup  shutter  control  circuits  and  latching  A7K2  disconnects  the  +19  volt 
buses.  Latching  relay  A5K3  selects  the  dc  restore  signal  derived  form  the 
calibration  shutter  temperature.  Comnands  SHTROFF  and  BUSHTRON  are  recriprocal 
(complements)  of  command  CSHTRON.  SHTROFF  should  be  used  to  turn  off  the 
calibration  shutter  and  BUSHTRON  should  be  used  to  turn  on  the  backup  shutter. 
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Execution  of  CSHTRON  produces  the  following  telemetry  responses: 


Function 

State 

Mode 

TBUSHTR 

000 

OFF 

TCALSHTR 

1** 

ON 

TCALSHTR 

111 

ON  IN  LOCK 

requires  5 mjf 

* dont  care  1 or  0 

Command  803  (BUSHTRON)  turns  off  the  calibration  shutter  and  turns  on  the  backup 
shutter.  Execution  of  the  Command  BUSHTRON  resets  relays  A5K3,  A7K1 , A7K2 , A8K1 
and  latches  relays  A6KI , and  A6K2 . Latching  A6KI  and  K2  disconnects  the  +8, 
+33,  +19  and  -19  volt  buses  from  the  calibration  shutter  drive  and  control 
circuits.  Resetting  A7K1  and  K2  connects  +33  volts  to  the  backup  shutter  motor 
drive  circuits,  connects  +8  volts  to  the  +5  volt  regulator  that  provides  power 
to  the  shutter  drive  logic  and  connects  Che  +19  volt  buses  to  Ctia  ~5  volt 
regulator  that  provides  power  to  the  backup  shutter  motor  control  circuits. 

Resetting  A8KI  and  A5K3  selects  the  backup  shutter  temperacure-de rived  signal 
from  band  6 dc  restore.  Comaands  CSHTRON’  and  SHTROFF  are  reciprotaia 
(complements)  to  CSHTRON.  Verification  of  BUS’HTROM  requires  that  TEUSHTR  “ 1** 

within  1 major  frame  and  TBUSHTR  - 111  and  TCALSHTR  - 000  wJ thin  5 major  frames. 

Command  839  (SHTROFF)  turns  off  both  (either)  chuttc-r.  Execution  of  SHTROFF 
latches  relays  A6K1,  A6K2,  A7K1  and  A7K2  (see  Figure  14  6-6).  Latching  relays 
A6K1  and  K2  disconnects  the  +33,  +19,  -19  and  +8  volt  buses  from  the  backup 

shutter  motor  drive  and  control  circuits.  Latching  A7K1  and  K2  disconnects  the 
+33,  +19,  -19  and  +3  volt  buses  from  the  backup  shutter  motor  drive  and  control 

circuits.  The  commands  CSHTRON  and  BUSHTRON  are  reciprocals  (complere  ts)  to 
SHTROFF.  Verification  of  SHTROFF  requires  that  TM  be  on  and  both  TCALSIITR  “ 000 
and  TBUSHTR  » 000. 

Command  872  message  0008  (SFLENA)  enables  the  shutter  fuse  link  command. 
Execution  of  SFLENA  resets  relay  A8K4 , which  connects  the  ccmblned  comrand  pulse 
bus  to  Che  reset  coll  of  relay  A8K6  (see  Figure  14,6-7).  Execution  of  SLFENA 
requires  that  macrodiscrete  command  generator  B (prime  or  redundant)  be  ON  and 
the  serial  command  message  be  routed  via  the  RIU  side  (A  or  B)  that  interfaces 

with  Che  active  command  generator.  FLSAFE  is  the  reciprocal  (:offiplemeat)  to 

SLFENA.  Execution  of  SFLENA  ts  verified  if  TFHRFZLK  ■«  100. 

Command  871  message  0080  (SLFARM)  arms  the  shutter  fuse  link.  SFLAPM  execution 
latches  relay  A8K6 . Latching  relay  A8K6  connects  the  combined  command  pulse  bus 
to  the  latch  coll  of  relay  A8K8 , permitting  the  execution  of  commanc  SFIFTKE. 
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Execution  of  SFLARM  requires  that:  (1)  iracrodlscreta  coBitnand  generator  A be  ON 

(prime  or  redundant)  (2)  the  command  message  be  routed  vie  the  RTU  side  (A  or  B) 
that  Interfaces  with  the  active  command  generator  (see  Paragraph  14.6.1.10)  and 
(3)  command  SLFENA  be  executed  prior  to  execution  of  SLFARM.  CoBsmand  FhSAFE  is 
the  reciprocal  (complement)  to  SFLARM.  Execution  of  SFLARM  is  verified  If 
TSHRF2LK  - 110. 

Command  872  message  0002  (SFLFIRE)  activates  the  fusible  link  which  permanently 
removes  the  calibration  shutter  from  the  TM  optical  path.  Execution  of  SFLFIRE 
resets  relay  A8K8.  Resetting  A8K8  tuns  on  the  transistor  switches  which 
connect  IM  bus  voltage  to  the  fusible  link  heater  (see  Figure  14.6-7).  The 
fusible  link  subsequently  softens,  releasing  the  spring  which  extracts  the 
calibration  shutter  from  the  field  of  view.  Softening  of  the  fusible  links 
requires  approximately  TRD  seconds  and  is  dependent  upon  IM  bus  voltage. 
Fusible  link  activation  is  irreversible.  Execution  of  SFLFIRE  requires  that: 
(1)  mac’-odlscrete  command  geneartor  B is  ON  (prime  or  redundant),  (2)  the 
command  message  is  routed  to  the  RIU  side  (A  or  B)  that  interfaces  with  the 
active  command  generator  (see  Paragraph  14.6.1.10);  and  (3)  the  shutter  fuaellnk 
is  armed  (execution  of  SFLARM  command).  Command  FLSAFE  is  the  reciprocal 
(complement)  to  SFLFIRE  in  the  sense  that  it  latches  relay  A8K8  hut  is  does  not 
re-activate  the  calibration  shutter.  Execution  of  RFl.FIRE  is  verified  if 
TSHRF2LKC  » III . 

Command  872  message  OOOl  (FLSAF?)  disables  fuss  link  operation.  Execution  of 
FLSAFE  latches  relays  A8K3,  A8K4 , A8K54,  A8K6 , A8K7  and  A8K3  (see  Figure  14.6-7 
and  14.6-lS).  Latching  A8K’  and  A8K8  disconnects  IM  bus  power  from  the  switches 
that  control  the  cooler  door  and  calibration  shutter  fusible  link  heaters. 
Latching  ACK5  a.iJ  A8K6  disconnects  the  r.i^'outs  of  those  relays  from  the  latch 
colls  of  A8K/  and  A8K8 . Latching  A8K3  nnd  A8F.4  disconnects  the  combined  command 
pulse  bus  from  the  latching  coils  of  relays  ..8K5  and  A3K6 . Execution  of  FLSAFE 
requires  that  (1)  oicrodiscrete  command  generator  B Is  on,  and  (21  the  command 
message  is  routed  via  the  RIU  ''A  or  B)  that  interfaces  with  the  active  command 
generator  (see  Paragraph  14.6.1.10).  Execution  of  FLSAFE  is  verified  if  TSHRFZLK 
“ 000,  TDRFZLK  ” 000  and  TM  is  On. 
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I4.t'>.1.5  Calibration  Lamp  Control 

Internal  check  of  calibration  for  bands  one  through  five  and  sevtn  Is  provided 
by  throe  Incandescent  lamps.  The  radiance  from  the  three  lamps  la  combined  and 
routed  via  fiber  optics  to  the  flag  mounted  on  the  calibration  shutter.  The 
shutter  motion  sweeps  the  calibration  stimuli  across  the  focal  plane  at  the  end 
of  each  mlrrow  scan.  The  lamps  can  be  controlled  Individually  or  In  an 

automatic  sequence,  and  In  a controlled  radiance  or  constant  voltage  mude. 
Calibration  lamp  control  Is  obtained  by  the  following  commands: 


Number 


Command 

Acronym 


Name 


708 

LPION 

Cal  Lamp 

#l 

ON 

712 

LP20N 

Cal  ' 'ip 

#2 

ON 

714 

LP30FF 

Cal  Lamp 

#3 

OFF 

734 

LP20FF 

Cal  Lamp 

n 

OFF 

738 

LPlOFF 

Cal  Lamp 

t\ 

OFF 

740 

LP30N 

Cal  Lamp 

92. 

ON 

807 

LP20R0N 

Cal  Lamp 

$1 

Override 

ON 

809 

LPIORON 

Cal  Lamp 

(>l 

Override 

ON 

833 

LP30R0N 

Cal  Liiup 

S2 

Override 

ON 

871(0008) 

SEQON 

Lamp  Sequencer  ON 

871(0004) 

SEQOFF 

Lamp  Sequencer  OFF 

Command  708  (UMON)  turns  on  calibration  lamp  1 In  the  radiance  controlled  mode. 
Execution  of  hPlON  resets  relay  A3KI  (see  Figure  14.6-8).  Resetting  A3K1 
connects  the  plus  and  minus  19  volt  buses  to  the  cal  lamp  I +12  volt  regulator . 
The  lamp  controller  applies  power  to  the  lamp  and  senese  the  lamp  output  using  a 
photo-diode.  The  lamp  current  is  controlled  so  that  the  pboto-dlode  output  is 
constant.  Lamp  I is  controlled  te  produce  a radiance  at  each  detector  of  ~ 405 
full  scale.  If  the  Lamp  sequencer  is  ON,  cal  lamp  1 is  turned  ON  and  OFF  by  the 
scqviancer.  Command  LPlOFF  is  the  reciprocal  (complement)  to  LPION.  Execution  of 
LPION  is  verified  if  TLMPSTAT  - lO*****. 

Comnujnd  712  (LP20N)  turns  on  calibration  lamp  #2.  Execution  of  LP20N  resets 

relay  A3K3  which  connects  the  plus  and  minus  19  volt  buses  to  the  Laraj>  2 +12 
volt  regulator  (see  Flppire  14.6-8''.  With  power  applied  to  the  controller 
calibration  lamp  2 oper-ates  in  the  nocml  mode  wills  hsusp  oist  controlled  by  the 
photo-dtodc  that  senses  lamp  r.adiance.  If  the  lamp  soessencer  is  otf,  calibration 
lamp  i?2  will  be  on  and  producing  approximately  30t  full  scale  output  In  each 
channel.  If  the  sequencer  is  on,  cal  Lamp  2 will  be  cycled  on  and  off,  at  30* 
radiance,  under  sequencer  control.  Comitwtnd  LPlOFF  is  • 'le  reciprocal 
(complement)  of  LP20N.  Execution  of  l.P.'ON  is  verified  if  TLMP.STA'r  « **10***. 
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Command  714  (LP30FF)  turns  off  calibration  lamp  i?3.  Execution  of  LP30FF  resets 
relay  A3K6  and  latches  relay  A3K5  (see  Figure  14.6-8).  Latching  relay  A3K5 

disconnects  the  +19  volt  buses  from  the  caltbraticn  lamp  #3  controller. 

Resetting  A3K6  connects  calibration  lamp  #3  return  to  the  radiance  control 

circuit.  Command  LP30FF  is  the  reciprocal  (complement')  to  commands  LP30N  and 
LP30R0N.  Execution  of  LP30FF  is  verified  if  TM  is  on  and  TLMPSTAT  “ ****00*. 

Command  734  (LP20FF)  turns  off  calibration  lamp  ^*2.  Execution  of  LP20FF  latches 
relay  A3K3  and  resets  relay  A3K4  (see  Figure  14.6-8).  Latching  relay  A3K3 

disconnects  the  lamp  2 controller  from  the  +19  volt  buses.  Resetting  relay  A3K4 
connects  the  return  for  calibration  lamp  #2  to  the  proportional  radiance 
controller.  Command  LP20FF  is  the  reciprocal  (complement)  to  connnands  LP20N  and 
LP20R0N.  Execution  of  LP20FF  is  verified  if  T'M  is  on  and  TLMPSTAT  » **00***. 

Command  738,  LPIOFF,  turns  off  calibration  lamp  #1.  Execution  of  LPIOFF  latches 
relay  A3K1  and  resets  relay  A3K2  (see  Figure  14.6-8).  Latching  relay  A3K1 

cisconnects  the  +^5  volt  buses  form  the  calibration  lamp  #1  controller. 

Resetting  A3K2  connects  the  return  tor  cal  lamp  #l  to  its  proportional  radiance 
controller.  Command  LPIOFF  is  the  reciprocal  (cotaplement)  to  commands  LPION  and 
LPIORON.  Execution  of  LPIOFF  is  verified  if  TM  is  on  and  TLMPSTAT  - 00*****. 

ComMnd  740,  LP30K,  turns  off  calibration  lamp  ?3.  Execution  of  LP30N  resets 
relay  A3K5  (see  Figure  14.6-8)  which  connects  the  +19  volt  buses  to  the 

regulator  that  powers  cal  lamp  3 and  iCa  controller.  With  power  applied,  lamp  3 

operates.  In  the  normal  mode  lamp  3 Is  controlled  by  a photo-diode  that  senses 
lamp  output.  If  the  sequencer  Is  off,  lamp  3 will  be  on  and  produce  an  output 
which  provides  approximately  20Z  full  scale  in  each  channel.  If  the  sequencer 
is  on,  lump  3 is  turned  on  ((?  20%)  and  off  as  required  by  the  sequencer. 
Command  LP30N  is  the  reciprocal  (complement)  to  LP30FF.  Execution  of  LP30N  is 
verified  if  TLMPSTAT  - ****10*. 

Comuiand  807,  LP20R0N,  places  calibration  lamp  #2  in  the  backup  control  mode. 
Execution  of  LP20RON  latches  relay  A3K4  (see  Figure  14.6-8).  Latching  relay 

A3K4  connects  the  return  of  calibration  lamp  2 to  ground  through  a fixed 

resistance.  If  power  Is  aoplled  (LP20N)  the  lamp  is  ON  in  the  constant  current 

mode  and  the  sequencer  and  photo-diode  control  loop  have  no  affect  upon 

operation.  The  reciprocal  (complement)  of  LP20R0N  is  LP20F''.  Execution  of 

LP20R0N  is  verified  if  TLMPSTAT  » **ll***. 

Command  809,  LPIORON,  places  calibration  lamp  1 In  the  backup  control  mode. 
Execution  of  LPIORON  latches  relay  A3K2  (see  Figure  14.6-8).  Latching  relay 

A3K2  connects  the  return  for  calibration  lamp  to  ground  through  a fixed 
resistance  and,  hence,  the  lamp  operates  in  a constant-current  mode.  In  this 
backup  control  mode,  the  lamp  is  on  If  power  is  applied  and  the  sequencer  has  nc 
effect  upon  lamp  1 operation.  The  command  LPIOFF  is  the  complement  (reciprocal) 
to  LPIORON.  Execution  of  LPIORON  is  verified  if  TLMPSTAT  - 11*****. 
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Command  833,  LP30R0N,  places  calibration  lamp  3 in  the  backup  control  mode. 
Execution  of  LP30R0N  latches  relay  A3K6.  Latching  relay  A3K6  connects  the 
return  of  calibration  lamp  3 to  ground  through  a fixed  resistance  (see  Figure 
lA.6-8),  thus  placing  the  lamp  in  the  constant-current  mode.  If  power  is 
applied  in  this  mode,  the  lamp  la  always  oh  and  unaffected  by  the  sequencer. 
Command  LP30FF  is  the  reciprocal  (complement)  of  LP30R0N.  Execution  of  LP30R0N 
is  verified  if  TLMPSTAT  - ****11*. 

Command  871  message  0008  (SEQOM)  turns  on  the  calibration  lamp  sequencer. 
Execution  of  SEQON  resets  relay  A8K9.  Resetting  A8K9  (see  Figure  14.6-9) 
connects  the  +8  volt  bus  to  the  +5  volt  regulator  that  powers  the  calibration 
sequencer.  With  the  sequencer  on  and  the  cal  lamps  on  in  the  normal  mode,  the 
sequencer  turns  the  lamps  on  and  off  as  shown  in  the  following  table: 


Sequence 

State 

Lamps 

ON 

Z Full  Scale 

1 

. 

0 

2 

1 

40% 

3 

1,2 

70% 

4 

2 

30% 

5 

2.3 

50% 

6 

1,2,3 

90% 

7 

1,3 

60% 

8 

3 

20% 

Each  state  exists  for  40  sweeps  or  approximately  2.86  seconds.  The  sequence 
repeats  until  the  sequencer  is  turned  off.  The  sequencer  actually  turns  lamps 
off  by  inserting  control  signals  in  the  radiance  feedback  loops  and  hence 
requires  the  lamps  to  be  in  the  normal  mode.  Command  SEQOFF  is  the  reciprocal 
(complement)  of  SEQON.  Execution  of  SEQON  requires  that  (1)  Macro-discrete 
command  generator  A be  ON  (prime  or  redundant)  and  (2)  the  command  message  be 
routed  via  the  RIU  (A  or  B)  that  interfaces  with  the  active  command  generator. 
Execution  of  SEQON  is  verified  if  TLMPSTAT  » ******1. 

Command  871  message  0004  (SEQOFF)  turns  off  the  calibration  lamp  sequences. 
Execution  of  SEQOFF  latches  relay  A8K9 . Latching  A8K9  disconnects  the  sequencer 
regulator  from  the  +8  volt  bus  (see  Figure  14.6-9).  When  the  sequencer  is  off, 
the  lamp  operation  is  controlled  by  the  ON  and  OFF  commands.  Execution  of 
SEQOFF  requires  that  (1)  macro-discrete  command  generator  A be  on  (prime  or 
redundant)  and  (2)  the  command  message  be  routed  via  the  RIU  (A  or  B)  that 
interfaces  with  the  active  command  generator.  Command  SEQON  is  the  reciprocal 
(complement)  of  SEQOFF.  Execution  of  SEQOFF  is  verified  if  TM  is  on  and  TLMPSTAT 
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14.6.1.6  Cold  Focal  Plane  Array  Temperature  Control 

The  Cold  Focal  Plane  Array  (CFPA)  Is  comprised  of  the  band  5,  6 and  7 detectors. 
In-speclf Ication  performance  of  . these  detectors  requires  stable  low 
temperatures.  In-orbit  cooling  is  provided  by  a passive  radative  cooler  which 
provides  a CFPA  temperature  of  less  than  90°  Kelvin  (K).  Three  controlled 
operating  temperatures  (90°,  95°  and  105°K)  are  provided  by  the  CFPA  temperature 
controller.  The  controller  utilizes  silicon  diodes  as  Che  temperature  sensing 
element  in  a proportional  controller  to  operate  a 3500  ohm  deposited  heater  on 
the  CFPA  substrate.  The  commands  used  to  control  CFPA  temperature  are: 


Number 

Command 

Acronym 

Name 

710 

CFPAONTl 

CFPA  Controller  ON  T1  Select 

720 

CFPATMOF 

CFPA  Telemetry  Off 

744 

CFPAOFF 

CFPA  Controller  Off 

805 

CFPA2SEL 

CFPA  Select  T2 

811 

CFPA3SEL 

CFPA  Select  T3 

Command  710  (CFPAONTl)  turns  on  the  CFPA  temperature  controller  and  selects  set 
point  T1  (90°K).  Execution  of  CFPAONTl  resets  relay  AAK5  and  latches  relays 
A4K6,  A4K7  and  A4K8  (see  Figure  14.6-10).  Latching  relay  A4K6  connects  the  + 
and  - 19  volt  buses  to  the  CPFA  +15  volt  regulator  that  powers  the  temperature 
aenslng  and  monitoring  (telemutry)  circuits.  Resetting  A4K5  connects  the  output 
of  the  +15  volt  regulator  to  the  proportion  temperature  controller.  Latching 
A4K7  and  A4K8  select  temperature  control  point  T1  by  not  shorting  resistors  in 
the  reference  voltage  generator.  CFPAONTl  has  no  reciprocal  command.  Execution 
of  CFPONTl  produces  the  following  telemetry  responses. 


Funct Ion 

State 

Mode 

TCFPA 

1001 

ONTl 

TCFPACT 

>2  Cnts 

— 

TCFPAMT 

>2  Cnts 

Command  720  (CFPATMOF)  turns  off  the  CFPA  temperature  monitor  and  control 
circuitry.  Execution  of  CFPATMOF  resets  relay  A4K6  (see  Figure  14.6-10). 
Resetting  A4K6  disconnects  the  + and  - 19  volt  buses  from  the  CFPA  regulator, 
thus  removing  all  power  to  the  CFPA.  Comnumd  CFPAONTl  is  the  reciprocal 
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(complement)  to  CFPATMOF.  Execution  of  CFPATMOF  produces  the  following  telemetry 
responses  if  Tm  power  is  on. 


Function 

State 

Mode 

TCFPA 

0000 

OFF 

TCFPACT 

<0  Cnts 

— 

TCFPAMT 

<0  Cnts 

— 

Command  744  (CFPAOFF)  disables  the  CFPA  heate,c --Control  circuits.  Execution  of 
CFPAOFF  latches  relay  A4K5  (see  Figure  14.6-10).  Latching  A4K5  disconnects  the 
outputs  of  the  + and  - 15  volt  CFPA  regulator  from  the  heater  control  circuits. 
Command  CFPAONTl  is  the  reciprocal  (complement)  to  CFPAOFF.  Execution  of  CFPAOFF 
is  verified  if  TCFPA  « 0**1,  where  * “ don't  care  1 or  0. 

Command  805  (CFPA2SEL)  selects  CFPA  temperature  control  point  T2  (95°K). 
Execution  of  CFPA2SLL  resets  relay  A4K8  (scse  Figure  14.6-10).  Resetting  A4K8 
changes  the  reference  voltage  to  the  voltage  comparator  by  shorting,  to  ground  a 
resistor  in  the  divider.  CFPA2SEL  is  not  effective  if  control  point  T3  has  been 
selected.  Command  CFPAONTl  is  the  reciprocal  to  CFPA2SEL.  Execution  of  CFPA2SEL 
it  verified  if  TCFPA  ■»  *1*1.  if  TM  is  off  or  the  CFPA  temperature  monitor  , nd 
controller  is  off,  CFPA2SEL  cannot  be  verified.  , 

Command  811,  CFPA3SEL,  selects  CFPA  temperature  control  point  T3  (105®K). 
Execution  of  CFFA3SFL  resets  relay  A4K7  (see  Figure  14.6-10).  Resetting  A4K7 
changes  the  reference  voltage  presented  to  the  voltage  comparator  by  shorting  a 
resistor  in  the  divider  to  ground.  CFPA3SEL  overrides  CFPA2SEL  and  precludes 
utilization  of  set  point  T2  until  CFPACNTl  is  executed.  Command  CFPAONTl  is  the 
reciprocal  of  CFPA3SEL.  Verification  of  CFPA3SEL  execution  requires  that  TM  be 
on,  the  CFPA  telemetry  be  on,  and  TCFPA  “ **ll. 

14.6.1.7  Blackbody  Temperature  Control 

On-board  check  of  calibration  for  band  6 is  provided  by  a conical-shaped, 
temprature-controlled  blackbody.  The  blackbody  is  "viewed"  once  eich  sweep, 
during  mirror  turnaround,  via  a mirror  on  the  calibration  shutter.  The 
temperature  of  the  blackbody  can  be  maintained  at  any  of  three  set  points  using 
the  closed-loop  proportional  control.  The  blackbody  heater  (75  ohms)  can  also 
be  operated  in  the  constant  pov.ier  (backup)  mode.  The  blackbody  temperature 
monitor  and  control  circuits  are  powered  from  the  full-time  + and  - 19  volt 
buses.  The  commands  that  provide  blockbody  temperature  control  are: 
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Number 

Command 

Acronym 

Name 

716 

BBHTRENA 

BB  Heater  Enable 

746 

BBHTRDIS 

BB  Heater  Disable 

813 

BBT2SEL 

BB  Select  T2 

817 

BBBKUPON 

BB  Backup  Mode 

835 

BBT3SEL 

BB  Select  T3 

Command  716,  BBHTRENA,  turns  on  the  blackbody  temperature  sensing  and  control 
circuits.  Execution  of  BBHTRENA  resets  relays  A4K1 , A4K2  and  latches  A4K3  (see 
Figure  14.6-11).  Latching  A4K3  connects  the  + and  - 19  volt  full-time  buses  to 
the  + and  - 12  volt  regulators  that  power  the  blackbody  temperature  sensing  and 
control  circuits.  Resetting  A4K1  and  A4K2  selects  temperature  control  point  T1 
(24  C)  by  removing  the  grounds  in  the  reference  voltage  divider.  If  the  +19 
volt  buses  are  powered,  the  blackbody  temperature  is  sensed  by  a thermistor 
voltage  divider  and  compared  to  T1  reference  voltage;  the  blackbody  heater 
current  is  proportionately  controlled  to  maintain  the  set  point  temperature  if 
the  controller  is  in  the  NORMAI.  mode.  The  command  BBHTRENA  has  no  complete 
reciprocal  command  but  BBHTRDI.S  resets  A4K3.  Execution  of  BBHTRENA  activates  the 
blackbody  heater  current  telemetry  (TM53)  and  is  verified  if  TBBSET  »•  lOO*. 

Command  746,  BBHTRDIS,  turns  off  the  blackbody  temperature  controller  and 
returns  it  to  the  NORMAL  mode.  Execution  of  BBHTRDIS  resets  relays  A4K3  and 
A4K4  (see  Figure  14.6-11).  Resetting  A4K3  disconnects  the  +12  volt  regulator 
that  powers  the  controller  from  the  + and  - 19  volt  full-time  buses.  Resecting 
A4K4  connects  the  blackbody  heater  return  to  the  proportional  controller. 
Commands  BBHTRENA  and  BBBKUPON  are  reciprocal  commands.  Execution  of  BBHTRDIS 
disables  the  blackbody  heater  current  telemetry  (TM-53)  and  is  verified  if 
TBBSET  «>  0000  when  TM  is  on. 

Command  813,  BBT2SEL,  selects  blackbody  temperature  control  point  T2  (~30®C). 
Execution  of  BBT2SEL  latches  relay  A4K2  (see  Figure  14.6-11).  Latching  K2 
grounds  the  T2  tap  on  the  reference  voltage  divider  causing  the  proportional 
controller  to  operate  at  the  T2  set  point.  Execution  of  BBT2SEL  cannot  change 
the  control  point  from  T3  to  T2 . To  Insure  proper  configuration  command 
BBHTRENA  should  be  executed  prior  to  execution  of  BBT2SEL.  The  command  BBHTRENA 
is  the  reciprocal  to  BBT2SEL.  Verification  of  BBT2SEL  requires  that  TBBSET  • 
11**  and  TM  power  be  on. 

Comtsiind  817,  BBBKUPON,  selects  the  constant  power  mode  of  blackbody  temperature 
control.  Ex<!Cutlon  of  BBBKUPON  latches  A4K4  (see  Figure  14.6-11).  Latch  A4K4 
connects  the  blackbody  heater  return  to  ground  through  a fixed  resistance.  As  a 
result,  when  energized,  the  heater  will  be  operated  at  a constant  power  rather 
than  at  a controlled  temperature.  The  BBBKUPON  command  overrides  BBT2SEL  and 
BBT3SEL.  BBHTRDIS  command  is  the  reciprocal  of  BBBKUPON.  Execution  of  BBBKUPON 
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is  verified  if  TBBSET  - 1**1  and  TBBHTRI  > 20  counts.  BBBUPON  cannot  be 

verified  if  TM  power  is  off. 

Command  835,  BBT3SEL,  selects  the  T3  (35°C)  temperature  set  point  for  control  of 
the  blackbody  heater.  Execution  of  BBT3SEL  latches  relay  A4K1  (see  Figure 
14.6-11).  Latching  A4KI  grounds  the  T3  top  on  the  reference  voltage  generator  of 
the  controller  selectiong  T3  overrides  and  precludes  selection  of  set  point  T2. 
Selection  of  T3  is  inhibited  by  aelectin  of  the  backup  mode  Command  BBHTRENA  is 
the  reciprocal  of  BBT3SEL.  BBT3SEL  verification  requires  TM  power  to  be  on  and 
TBBSET  - 1*1*. 

14.6.1.8  Band  Selection 

The  Thematic  Mapper  quantifies  data  in  seven  spectral  bands.  Each  band  can  be 
energized  separately  and,  except  for  bands  5 and  7,  have  individual  power  supply 
outputs.  The  commands  that  select  operating  bands  are; 


Name 

Acronym 

Command 

Name 

718 

BDION 

Band 

1 

ON 

724 

BD20FF 

Band 

2 

OFF 

728 

BD30N 

Band 

3 

ON 

730 

BD40FF 

Band 

4 

OFF 

752 

BDIOFF 

Band 

1 

OFF 

754 

BD20N 

Band 

2 

ON 

756 

BD30FF 

Band 

3 

OFF 

758 

BD40N 

Band 

4 

ON 

815 

BD70N 

Band 

7 

ON 

819 

BD50N 

Band 

5 

ON 

825 

BD60FF 

Band 

6 

OFF 

841 

BD70FF 

Band 

7 

OFF 

845 

BD50FF 

Band 

5 

OFF 

847 

BD60N 

Band 

6 

ON 

Command  718,  BDION,  turns  on  the  detectors,  preamps  and  postamps  comprising  the 
16  channels  of  band  1.  Execution  of  BDION  resets  relays  A21K1,  A21K2  and  A21K3 
(see  Figure  14.6-12).  Resetting  relays  K1 , K2  and  K3  connects  the  I-  and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  of  BDION  is  BDIOFF.  Verification  of  BDION 
requires  chat  TM  be  on  and  TBNDSTAT  “ i**a***. 

Command  752,  BDIOFF,  turns  on  the  detectors,  preamps  and  postamps  comprising  the 
16  channels  of  band  1.  Execution  of  BDIOFF  resets  relays  A21K1,  A2K2  and  A21K3 
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(see  Figure  14.6-12).  Res  ‘’ting  relays  K1 , K2  and  K3  connects  the  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  of  BDIOFF  is  BDION.  Verification  of  BDIOFF 
execution  requires  that  TM  be  on  and  TBNDSTAT  “ 0*****a. 

Command  754,  BD20N,  turns  on  the  detectors,  preamps  and  postamps  omprising  the 
16  channels  of  band  2.  Execution  of  BD20N  resets  relays  A20K1 , A20K2  and  A20K3 
(see  Figure  14.6-12).  Resetting  relays  Kl,  K2  and  K3  connects  the  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  to  BD20N  is  BD20FF.  Verification  of  BD20N 
execution  requires  that  TM  be  on  and  that  TBNDSTAT  - *1*****. 

Command  724,  BD20FF,  turns  on  the  detectors,  preamps  and  postamps  comprising  the 
16  channels  of  band  2.  Execution  of  BD20FF  resets  relays  A20K1 , A20K2  and  A20K3 
(see  Figure  14.6-12).  Resetting  relays  Kl , K2  and  K3  connects  the  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  of  BD20FF  is  BD20N.  Verification  of  BD20FF 
execution  requires  that  TM  be  on  and  that  TBNDSTAT  ~ *0*****. 

Command  728,  BD30N,  turns  on  the  detectors,  preamps  and  postamps  comprising  the 
16  channels  of  band  3.  Execution  of  BD30N  resets  relays  A19K1 , A19K2  and  A19K3 
(see  Figure  14.6-12).  Resetting  relays  Kl,  K2  and  K3  connects  the  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  to  BD30N  is  BD30FF.  Verification  of  BD30N 
execution  requires  that  the  TM  be  on  and  that  TBNDSTAT  •=•  **!****. 

Command  756,  BD30FF,  turna  on  the  detectors,  preamps  and  postamps  comprising  the 
16  channels  of  band  3.  Execution  of  BD30FF  resets  relays  A19K1 , A19K2  and  A19K3 
(see  Figure  14.6-12).  Resetting  relays  Kl , K2  and  K3  connects  the  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  of  BD30FF  Is  BD30N.  Verification  of  BD30FF 
execution  requires  that  the  TM  be  on  and  that  TBNDSTAT  - **Q’»***. 

Command  758,  BD40N,  turns  on  the  detectors,  preamps  and  postamps  comprising  the 
16  channels  of  band  4.  Execution  of  BD40N  resets  relays  A18K1 , A18K2  and  A18K3 
(see  Figure  14.6-12).  Resetting  relays  Kl , K2  and  K3  connects  the  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  of  BD40N  Is  BD40FF.  Verification  of  BD40N 
execution  requires  that  the  TM  be  on  and  that  TBNDSTAT  ■>  ***!***. 

Command  730,  BD40FF,  turns  on  the  detectors,  preamps  and  postamps  comprising  the 
16  channels  of  band  4.  Execution  of  B040FF  resets  relays  A18K1 , A18K2  and  A18K3 
(see  Figure  14.6-12).  Resetting  relays  Kl , K2  and  K3  connects  the  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  of  BD40FF  Is  BD40N.  Verification  of  BD40FF 
execution  requires  that  the  TM  be  on  and  that  TBNDSTAT  =■  ***0***. 
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Command  819,  BD50N,  turns  on  the  detectors,  preamps  and  postampa  comprising  the 
16  channels  of  band  5.  Execution  of  BD50N  resets  relays  A17K1,  A17K2  and  A17K3 
(see  Figure  14.6-12).  Resetting  relays  K1 , K2  and  K.3  connects  the  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  of  BD50N  is  BD50FF.  Verification  of  BD50N 
execution  requires  that  the  TM  be  on  ;and  that  TBNDSTAT  " *aa*ia*. 

Command  845,  BD50FF,  turns  on  the  detectors,  preamps  and  postampa  comprising  the 
16  channels  of  band  5.  Execution  of  BD50FF  resets  relays  A17K1,  A17K2  and  A17K3 
(see  Figure  14.6-12).  Resetting  relays  K1 , K2  and  K3  connects  the  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  of  BD50FF  is  BD50N.  Verification  of  BN50FF 
execution  requires  that  the  TM  be  on  and  that  TBNDSTAT  ” a***o**. 

Command  847,  BD60N,  turns  on  the  detectors,  preamps  and  postamps  comprising  the 
16  channels  of  band  6.  Execution  of  BD60N  resets  relays  A16K1,  A16K2  and  A16K3 
(see  Figure  14.6-12).  Resetting  relays  K1 , K2  and  K3  connects  Che  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  of  BD60N  is  BD60FF.  Verification  of  BP60N 
execution  requires  that  the  TM  be  on  and  that  TBNDSTAT  » a****!*. 

Command  825,  BD60FF,  turns  on  the  detectors,  preamps  and  postamps  comprising  the 
16  channels  of  band  6.  Execution  of  BD60FF  resets  relays  A16K1,  A16K2  and  A16K3 
(see  Figure  14.6-12).  Resetting  relays  K1 , K2  and  K3  connects  the  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  of  BD60FF  is  BD60N.  Verification  of  BD60FF 
execution  requires  that  the  TM  be  on  and  that  TBNDSTAT  « ****aq*. 

Command  815,  BD70N,  turns  on  the  detectors,  preamps  and  postamps  comprising  the 
16  channels  of  band  7.  Execution  of  BD70N  resets  relays  A15K1,  A15K2  and  A15K3 
(see  Figure  14.6-12).  Resetting  relays  K1 , K2  and  K3  connects  the  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  of  BD70N  is  BD70FF.  Verification  of  BD70N 
execution  requires  that  the  TM  be  on  and  that  TBNDSTAT  “ ******1. 

Command  841,  BD70FF,  turns  on  the  detectors,  preamps  and  postamps  comprising  the 
16  channels  of  band  7,  Execution  of  BD70FF  resets  relays  A15KI,  A15K2  and  A15K3 
(see  Figure  14.6.4-12).  Resetting  relays  K1 , K2  and  K3  connects  the  + and  - 19 
volt  band  buses  to  the  four  +15  volt  regulators  that  provide  the  power  for  the 
band  electronics.  The  reciprocal  to  BD70FF  is  BD70N.  Verification  of  BD70FF 
execution  requires  that  the  TM  be  on  and  TBNDSTAT  ••  ******0. 
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14.6.1.9  Cooler  Door  Control 

Tbs  Thematic  Mapper  radiative  cooler  door  cap  be  commanded  to  any  of  three 
positions:  closed,  outgas  (a  position  about  3 degrees  from  closed),  and  full 

open  (a  position  about  90  degrees  from  closed).  To  move  Che  door,  the  following 
steps  are  required:  (1)  commar^  the  door  motor  drive  on,  (2)  select  the 
direction  of  motion,  and  (3)  execute  a move  enable  command.  There  are  three 
micro  switches  on  the  door  assembly;  one  at  the  closed  position,  one  at  the 
outgas  position  and  one  at  the  full  open  position.  Once  the  move  enable  command 
is  executed,  the  400  Hz  motor  drive  Is  applied  until  any  of  the  three 
microswitch  are  closed  or  until  15  seconds  have  elapsed.  The  microswitches 
position  logic  is  disabled  for  the  Initial  1.5  seconds  of  drive  to  enable  the 
door  to  move.  The  door  motor  assembly  contains  a brake  which  is  disengaged 
during  the  application  of  motor  drive. 

In  the  event  of  a motor  or  motor  drive  failure,  the  door  can  be  moved — once — to 
the  full  open  position  by  actuating  the  door  fusible  link.  Activation  of  Che 
fusible  link  is  irreversible. 

The  cooler  door  shall  be  secured  during  launch  and  during  periods  of  vibration. 
Securing  the  door  consists  of  closing  the  door  and  turning  on  the  door 
electromagnets  which  hold  the  door  in  the  closed  position.  The  door  magnets 
consume  approximately  12  watts  of  power  and  should  be  turned  off  upon  completion 
of  launch. 

Control  of  the  cooler  door  is  accomplished  through  utilization  of  the  following 
commands: 


Number 

Acronym 

Command 

Name 

722 

DMAGON 

Door  Magnet  On 

732 

DMAGOFF 

Door  Magnet  Off 

870[0008] 

DOROPN 

Open  Cooler  Door 

870[000C] 

DORCLS 

Close  Cooler  Door 

871 [0100] 

DFLARM 

Arm  Door  fuse  Link 

872(4000] 

DMTRON 

Door  Motor  On 

872(2000] 

DMTROFF 

Door  Motor  Off 

872(0040] 

DFLENA 

Enable  Door  Fuse  Link 

872(0010] 

DFLFIRE 

Fire  Door  Fuse  Link 

872(0001] 

FLSAFE 

Fuse  link  Safe 

Command  722,  DMAGON,  turns  on  the  cooler  door  electromagnet.  Execution  of 
DMAGON  latches  relays  A16K10  and  A16K11  (see  Figure  14.6-13).  Latching  A16K10 
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and  Kll  connects  IM  bus  A/B  to  the  door  electro-magnets.  If  the  SMA  and  door 
latch  power  are  enabled,  the  magnets  are  energized  and  the  door  is  held  shut. 
DMAGOFF  is  the  reciprocal  to  DMAGON. 

Command  732,  DMAGOFF,  turns  off  the  cooler  door  magnet  power  and  selects  the 
frame-temperature-derlved  dc  restore  signal  for  Band  6.  Execution  of  DMAGOFF 
resets  relays  A16K10  and  A16K11,  and  latches  A8K1.  Resetting  A16K10  and  Kll 
disconnects  the  IM  A/B  bus  from  the  cooler  door  electro-magnet  (see  Figure 
14.6-13).  Turning  off  the  magnet  power  "unlatches”  the  door,  allowing  it  to  be 
opened.  Latching  A8K1  selects  the  shutter  frame-temperature-derived  signal  as 
the  source  of  the  band  6 dc  restoration  (see  Figure  14.6-17).  DC  restore  and 
cooler  door  functions  are  not  related  but  the  commands  were  combined  to  minimize 
the  number  of  commands.  The  reciprocals  to  DMAGOFF  is  DMAGON. 

Command  870  messages  are  received  and  decoded  by  the  TM  serial  command  receiver. 
The  decoding  produces  16  logic  levels  equivalent  to  16  bit  states  of  the  command 
message.  These  16  logic  levels  are  buffered  and  routed  to  the  appropriate 
circuits.  Bit  #13  is  routed  to  the  door  logic  circuit  (see  Figure  14.6-14).  A 
logic  zero  inhibits  the  1.5  and  15  second  one-shots  from  initiating  the  door 
motion  sequence.  A logic  one  releases  the  one-shot  and  initiates  the  door 
motion.  Bit  #14  is  a?.so  routed  to  the  door  logic  circuits  (see  Figure  14.6-14); 
The  state  of  bit  #14  is  exclusive  or-ed  with  the  timing  signals  to  change  motor 
direction.  A logic  zero  causes  the  motor  to  move  the  door  in  the  open 
direction,  and  a logic  1 causes  the  motor  to  move  the  door  in  the  close 
direction. 

Comnmnd  870[0008] , DOROPN,  causes  the  cooler  door  to  move  to  the  next  open 
posltlcn,  if  the  door  motor  is  on.  Execution  of  DOROPN  provides  a door  enable 
and  an  open  direction  signal  to  the  door  logic  circuits.  Execution  of  DOROPN 
requires  that  DMTRON  has  been  executed.  The  reciprical  command  is  RST870. 
DOROPN  is  verified  by  TECHO  - 0008. 

Command  870[000C],  DORCLS,  causes  the  cooler  door  to  move  to  the  next  closed 
position,  if  the  door  motor  is  on.  Execution  of  DORCLS  provides  a move  enable 
and  a close  direction  signal  to  the  door  Logic  circuit. 

Execution  of  DORCLS  requires  prior  execution  of  DMTRON.  The  reciprocal  is 
RST870.  DORCLS  is  verified  if  TECHO  « 0006. 

Execution  of  any  870  command  message  requires  that:  (1)  the  TM  be  ON  and  (2) 

the  selected  command  receiver  (1  or  2)  must  match  the  powered  RIU  (A  or  B). 

Command  871  message  0100,  DFLARM,  arms  the  cooler  door  fuse  link  firing  circuit. 
Execution  of  DFLARM  resets  relay  A8K5  (see  Figure  14.6-15).  Resetting  A8K3 
connects  the  pole  (armature)  of  A8K3  to  the  reset  coil  of  A8K7 . If  a8K3  has 
been  reset,  resetting  A8K5  connects  the  combined  comniand  pulse  bus  to  the  rest 
coll  of  the  fire  relay,  thus  arniing  the  fire  circuitry.  Execution  of  DFLARM 
requires  that:  (1)  the  TM  be  on,  (2)  macro-discrete  command  generator  A be  on, 
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(3)  the  powered  command  generator  (prime  or  redundant)  match  the  powered  RIU  (A 
or  B),  and  (4)  DFLENA  be  executed.  The  reciprocal  to  DFLARM  is  FLSAFE. 

Cotmaand  872  message  (4000),  DOTROtJ,  enables  the  cooler  door  r^tor  drive  and 
disengages  the  brake.  Execution  of  DMTRON  latches  relay  A9K1  (see  Figtire 

14.6- 14).  Latching  A9K1  connects  the  33  volt  bus  to  the  motor  brake  release  and 
motor  drive  circuits  and  connects  the  +8  volt  logic  bus  to  the  5 volt  regulator 
that  powers  the  door  logic  circuitry.  If  TM  power  is  on,  this  command  enables 
the  door  motor  drive  circuitry  so  that  a door  move  enable  command  will  cause  the 
door  to  move  in  the  direction  selected.  Execution  of  DMTRON  requires  (1)  TM 
power  to  be  On,  (2)  macro-discrete  command  generator  E to  be  On,  and  (3)  the 
command  generator  selected  (prime  or  redundant)  match  the  powered  RIU  (A  or  B). 
DMTROFF  is  the  reciprocal  command  of  DMTRON. 

Command  872  message  (2000),  DMTROFF,  disables  the  cooler  door  motor  and  engages 
the  motor  brake.  Execution  of  DMTRO.'F  latches  relay  A9K1  (see  Figure  14.6-14). 
Latching  A9K1  disconnects  the  33-volt  bus  from  the  motor  drive  circuit  and  the 
brake  release  circuit  and  disconnects  the  8-volt  logic  bus  from  the  5-volt 
regulator  that  provides  motor  logic  power.  Execution  of  DMTROFF  requires  that 
(1)  TM  power  be  ON,  (2)  macro-discrete  command  generator  B be  ON,  and  (3)  the 
command  generator  selected  (prime  or  redundant)  interface  with  the  pov/ered  RIU 
side  (A  or  B).  The  reciprocal  of  DMTROFF  is  DMTRON. 

Command  872  message  (0040),  DFLENA,  enables  the  arming  circuit  for  tne  door 
fusellnk.  Execution  of  DFLENA  resets  relay  A8K3  (see  Figure  14.6-15). 

Resetting  A8K3  connects  the  combined  command  pulse  bus  to  Che  reset  coll  and 
normally  open  contact  of  the  arm  relay  (A8K5),  thus  permitting  execution  of  the 
arm  command.  Execution  of  DFLENA  requires  that  (1)  I'M  power  to  be  ON,  (2)  macro- 
discrete  command  generator  B be  ON,  and  (3)  the  selected  command  generator 
(prime  or  redundant)  match  Che  powered  side  (A  or  B)  of  the  RIU.  The  reciprocal 
of  DFENA  is  FLSAG. 

Command  872  message  (0010),  DFLFIRE,  turns  on  the  door  fuselink  heater  which 
softens  the  fusible  link.  Execution  of  DFLFIRE  resets  relay  A8K7  (see  Figure 

14.6- 15).  Resetting  A8K7  connects  the  Fusible  Link  bus  (derived  from  IM  bus  A/B) 
to  the  fusible  link  heater  control  switches.  With  power  applied,  Che  switches 
turn  on,  applying  bus  voltage  to  the  fusible  link  heater  (15  ohms).  As  the 
temperature  rises,  the  fusible  link  softens  and  the  preloaded  spring  permanently 
moves  Che  door  to  the  full  open  position.  The  time  required  to  soften  the  link 
is  a function  of  applied  voltage.  The  heater  should  be  on  for  "TBD"  seconds  for 
proper  operation.  Execution  of  DFLFIRE  requires  that  (1)  Che  TK  • on,  (2) 
macro-discrete  command  generator  B be  on,  (3)  the  selected  com.  . generator 
(prime  or  redundant)  interface  with  the  powered  side  (A  or  B)  of  the  RIU,  and 

(4)  DFLARM  be  executed.  The  reciprocal  of  DFLFIRE  is  FLSAFE. 

Command  872  message  0001  (FLSAFE)  disables  fuse  link  operation.  Execution  of 
FLSAFE  latches  relays  A8K3 , A8K4 , A8K54,  A8K6 , A8K7  and  A8K8  (see  Figure  14.6-7 
and  14.6-18).  Latching  A8K7  and  A3K8  disconnects  the  IM  bus  power  from  the 
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awltchea  that  control  the  cooler  door  and  calibration  shutter  fusible  link 
heaters.  Latching  A8K5  and  A8K6  disconnects  the  outputs  of  those  relays  from 
the  latch  coils  of  A8K7  and  A8K8,  Latching  A8f3  and  A8K4  disconnects  the 
combined  comiaand  pulse  bus  from  the  latching  colls  cf  relays  ASKS  and  a8K6. 
Execution  of  FLSAFE  requires  that  (1)  micro-discrete  command  generaCoi  B is  on, 
and  (2)  the  command  message  is  routed  via  the  RIU  (A  or  B)  that  Interfaces  with 
the  active  command  generator  (see  Paragraph  14.6.1.10).  Execution  of  FLSAFE  is 
verified  if  TSHRfZLK  - 000,  TDRFZLK  » 000  and  TH  is  On. 

14.6.1.10  Serial  Command  Control 

The  Thematic  Mapper  utilizes  three  serial  commands:  870,  871  and  872. 

Astcciated  with  each  serial  command  is  a 16-bit  cMSsage.  The  TM  provides  a 
redundant  commind  decoder  for  each  serial  command. 

Command  870  j.a  received,  decoded,  and  processed  into  16  discrete  bilevel  logic 
signals.  Ten  of  these  levels  are  used  as  control  signals  by  the  TM  as  no..ed 
below: 


Message 

Bit  # State  Function 


7 0 

7 1 

8 0 

8 1 

9 0 

9 1 

10  0 

10  I 

11  0 

11  I 

12  0 

12  1 

1 3 0 

’ 3 T 

14  0 

14  I 

15  0 

1 j 1 

16  0 

16  1 


inhibit  Inchworm  Motion 
Enable  Inc^'.worm  Motion 
InhlDit  Inchworm  Contract 
Enable  Inchv;onn  Contract 
Inhibit  Inchworm  Extend 
Enable  Inchworm  Extend 
Disable  Inchworm  3 
Enable  Inchworm  3 
Disable  Inchworm  2 
Enable  Inchworm  2 
Disable  Inchworm  1 
Enable  Inchworm  I 
Inhibit  Door  Motion 
F-iable  Door  Motion 
D ,or  Direction  Open 
Of  or  Direction  Close 
Disable  A Midscan 
Ei.abic  A Midscan 
Disable  B Midscan 
Enable  B Midscan 
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There  are  two  serial  command  receiver/decoders  associated  with  command  870. 
Serial  Command  Receiver  1 (SCR  #1)  interfaces  exclusively  with  RID  8A.  Serial 
command  receiver  2 (SCR  #2)  Interfaces  exclusively  with  RIU  8B.  One  serial 
command  receiver  is  on  whenever  the  TM  is  on.  The  active  command  receiver  is 
selected  by  discrete  command. 

Command  871  is  received,  decoded  and  processed  by  Macro-discrete  Commnd 
Generator  A (MDCG-A) . Only  sixteen  of  the  possible  messages  represent  valid 
commands.  These  16  are  are  listed  in  the  following  table. 


871  Command 
Message  (HEX) 

Command 

Function 

8000 

Enable  SMA  +2  Heater 

4000 

SMA  +2  Heater  Controller  Off 

2000 

Enable  SMA  -2  Heater 

1000 

SHA  -2  Heater  Controller  Off 

0800 

Enable  Tnterrediate  Stage  Outgas  Heater 

0400 

Intermediate  Stage  Controller 

On 

0200 

Intermediate  Stage  Controller 

Off 

0100 

Cooler  Door  Fusible  Link  Arm 

0080 

Shutter  Fusible  Link  Arm 

0040 

Select  Scan  Line  Corrector  1 

0020 

Select  Scan  Line  Corrector  2 

0010 

Scan  Line  Corrector  Off 

0008 

Lamp  Sequencer  On 

0004 

Lamp  Sequencer  Off 

0002 

Inchworm  On 

OOOi 

Inchworm  Off 

Each  valid  decoded  command  produces  a +28  volt  pulse  on  the  combined  command 
pulse  bus  and  a unique  switch  closure  to  ground,  similar  to  a RIU  discrete 
command  but  of  longer  duration.  The  primary  KDCG-A  is  Interfaced  exclusively  to 
RIU  8A,  while  MDCG-B  is  exclusively  Intertaced  to  RIU  8B.  Therefore  MDCG-A  must 
be  selected  based  upon  which  RIU  side  is  powered.  MDCG's  can  be  on  or  off  and 
are  controlled  by  three  discrete  commands. 
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Command  872  is  received,  decoded,  and  processed  by  Macro-Discrete  Command 
Generator  B (MDCG-B).  HDCG-B  is  identical  in  design  to  MDCG-A.  The  commands 
associated  with  MDCG-B  are  shown  below.  MDCG-B  is  also  controlled  by  three 
commands. 


872  Command 
Message  (HEX) 

Command 

Function 

8000 

Cold  Stage  Telemetry  off 

4000 

Cooler  Door  Motor  On 

2000 

Cooler  Door  Motor  Off 

1000 

Baffle  Heater  Controller  On 

0800 

Baffle  Heater  Backup  On 

0400 

Baffle  Heater  Off 

0200 

Cold  Stage  Outgas  Heater  Enable 

0100 

Cold  Stage  Heater  Controller  On 

0080 

Cold  Stage  Heater  Off 

0040 

Cooler  Door  Fuselinlc  Enable 

0020 

LVDT  On 

0010 

Cooler  Door  Fuoelink  Fire 

0003 

Shutter  Fuselink  Enable 

0004 

LVDT  Off 

0002 

Shutter  Fuselink  Fire 

0001 

Fuselinks  Safe 

The  commands  controlling  serial  magnitude  command  receivers  and  decoders  are: 


Command 


Number 

Acronym 

Name 

726 

SELPACG 

Select  Prime  MDCG-A 

760 

SELRACG 

Select  Redundant  MDCG-A 

762 

SCRISEL 

Select  SCR  #1 

821 

SELPBCG 

Select  Prime  MDCG-B 

827 

MCGOFF 

MDCG's  Off 

829 

SCR2SEL 

Select  SCR  #2 

843 

SELRBCG 

Select  Redundant  MDCG-B 

Command  726  (SELPACG)  turns  on  Macro-discrete  Command  Generator  A prime  and 
turns  off  MDCC-A  redundant.  Execution  of  SELPACG  resets  relays  A14K1  , A14K2  and 
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latches  relays  A13K3  and  A14K4  (see  Figure  14.6-15).  Resetting  A14K1  connects 
the  CDVU  +9  volt  bus  to  the  5 volt  regulator  that  powers  the  Interface  and 
decoding  circuits  of  MDCG-A  prime  and  enables  (grounds)  the  decoder.  Resetting 
A14K2  connects  the  +33  volt  bus  to  the  pulse  generator  circuit  and  connects  the 
MDCG-A  Prime  on  telemetry  to  +5  volts.  Latching  A14K3  disconnects  the  CDVU  +9 
volt  bus  from  the  5 volt  regulator  that  powers  Che  redundant  MDCG-A  Interface 
and  decoding  circuits,  and  disables  the  redundant  decode  by  disconnecting  its 
return.  Latching  A14K4  disconnects  the  +33  volt  bus  from  the  redundant  pulse 
generator  and  grounds  (sets  to  zero)  the  redundant  MDCG-A  ON/OFF  telemetry.  The 
reciprocal  command  to  SELPACG  is  SELRACG.  Verification  of  SELPACG  execution 
requires  TM  power  to  be  ON.  Proper  execution  of  SELPACG  will  turn  off  the 
redundant  MDCG-A  and  turn  or  the  prime  MDCG-A.  This  condition  is  sensed  by  the 
telemetry  function  TMDCGSEL  (see  Paragraph  14.7.2.23).  Hence  SELPACG  is  verified 
if  the  state  of  TMDCGSEL  is  A Prime,  A Prime,  B Redundant,  or  both  Prime 
(TMDCGSEL  - 10**),  where  * » 1 or  0. 

Command  760,  SELRACG,  turns  on  the  redundant  Macro-Discrete  Command  Geneator 
(MDCG)  A and  turns  off  the  primary  MDCG-A.  Execution  of  SELRACG  latches  relays 
A14K1  and  K2  and  resets  relays  A14K3  and  IC4  (see  Figuire  14.6-16).  Latching 
relay  A14K1  disconnects  the  CDVU  +9  volt  bus  and  the  enable  (ground)  signal  from 
the  primary  MDCG-A  interfacae  and  decoding  circuits.  Latching  A14K2  disconnects 
the  +33  volt  bus  from  the  pulse  generator  circuit  and  grounds  (sets  to  zero)  the 
MDCG-A  primary  status  telemetry.  Resetting  A14K3  connects  Che  CDVU  +9  volt  bus 
to  5 volt  regulator  which  powers  the  redundant  HDCG-  \ Interface  and  decoding 
circuits,  and  grounds  (enables)  the  command  decoder.  Resetting  A14K4  connects 
the  +33  volt  bus  to  the  pulse  generator  and  connects  Che  redundant  MDCG-A  status 
telemetry  to  +5  volts.  SELPACG  is  the  reciprocal  command  of  SELRACG. 
Verification  of  SELRACG  requires  that  TM  power  be  on.  Verification  consists  of 
determining  that  the  redundant  MDCG-A  is  ON  and  that  the  primary  MDCG-A  is  OFF. 
This  condition  is  satisfied  by  TMDCGSEL  •»  01**  (see  Paragraph  14,7.2.23). 

Command  762,  SCRISEL,  turns  on  serial  command  receiver  (SCR)  number  1 and  turns 
off  SCR  number  2.  Execution  of  SCRISEL  resets  relays  AlOKl  and  A10K2  (see 
Figure  14.6-17).  Resetting  AlOKl  disables  SCR2  cornmnd  decoder  and  enables  SCRl 
command  encoder  by  switching  the  ground  and  connecting  the  SCR  #l  status 
telemetry  to  +5  volts.  Resetting  A10K2  disconnects  the  CDVU  +9  volt  bus  from 
SCR  92  and  connects  it  to  SCR  #1,  +5  volt  regulator.  SCR2SEL  is  the  reciprlcal 
command  to  SCRISEL.  Verification  of  SCRISEL  requires  that  TM  power  be  on. 
Verification  requires  that  SCR  #1  be  on.  This  condition  is  monitored  by  the 
telemetry  functions  TSCRSTAT  (see  Paragraph  14.7.2.4)  and  SCRISEL  is  verified  if 
TSCRSTAT  =”  1.  or  if  an  870  command  message  is  executed  with  RIU  8B  powered. 

Command  821,  SELPBCG,  turns  on  the  primary  Macro-Discrete  Coinomnd  Generator 
(MDCG)  B.  Execution  of  MDCG-B  resets  relays  A14K5  and  AI4K6  and  latches  relays 
A14K7  and  A14K8  (see  Figure  14.6-16).  Resetting  Al^KS  connects  the  CDVU  +9  volt 
bus  to  the  5-volt  regulator  that  powers  the  priaiary  MDCG  interface  circuits  and 
decoders,  and  grounds  (enables)  the  primary  command  decoder.  Resetting  A14K6 
connects  the  +33  volt  bus  to  the  primary  command  pulse  generator  and  connects 


LSD-WPC-263 


14-44 


CH-Uh'JAL  PAGE  ii. 
OF  POOR  QUALffY 


SVS-10266 
31  December  1981 

the  primary  MDCG-B  telemetry  to  +5  volts  (set  to  1).  Latching  A14K7  disconnects 
the  CDVU  +9  volt  bus  from  the  5 volt  regulator  that  powers  the  redundant  MDCG-B 
comtsand  decoder  and  Interface  circuits  and  disables  (disconnects  from  ground) 
the  command  decoder.  Latching  A14K8  disconnects  the  +33  volt  bus  from  the 
redundant  pulse  generator  and  grounds  (sets  to  zero)  the  redundant  MDCG-B  status 
telemetry.  The  reciprocal  command  of  SELPBCG  is  SELRBCG.  Verification  of 
SELPBCG  requires  that  TM  power  be  ON.  Verification  consists  of  determining  that 
the  Primary  MDCG-B  is  on  and  that  the  Redundant  MDCG  is  OFF.  This  condition  is 
sensed  by  the  telemetry  function  TMDCGSEL  (see  Paragraph  14.7.2.23),  and 
satisfied  if  TMDCGSEL  « **10. 

Command  827,  MCGOFF,  turns  off  all  macro-discrete  command  generators.  Execution 
of  MCGOFF  latches  relays  A14K1  athrough  A14K8  (see  Figure  14.6-16).  Latching 
A14K1  disconnects  the  CDVU  +9  volt  bus  and  decode  enable  signal  (ground)  from 
the  primary  MDCG-A.  Latching  A14K2  disconnects  the  +33  volt  bus  from  the  MDCG-A 
pulse  generator  and  grounds  the  MDCG-A  Primary  Status  Telemetry.  Latching  A14K3 
and  A14K4  performs  the  Identical  function  for  MDCG-A  Redundant.  Latching,  A14K5 
and  K6  and  A14K7  and  K8  performs  identical  operations  at  MDCG-B  prime  and  MDCG-B 
Redundant  respectively.  MCGOFF  has  no  direct  reciprocal.  Verification  of 
MCGOFF  requires  that  TM  power  be  ON.  Verification  consists  of  determining  that 
all  command  generators  are  off.  This  condition  is  sensed  by  the  telemetry 
function  TMDCGSEL  (see  Paragraph  14.7.2.23)  and  is  satisfied  if  TtiDCGSEL  ” 0000. 

Command  829,  SCR2SEL,  turns  on  Serial  Command  Reciever  (SCR)  number  1 and  turns 
off  number  1.  Execution  of  SCR2SEL  latches  relays  AlOKl  and  A10K2  (see  Figure 
14.6-17).  Latching  relay  AlOKl  removes  the  ground  (enable  signal)  from  the  SCR 
)?1  command  decoder,  connects  it  to  SCR  i?2  decoder  and  grounds  (sets  to  zero)  the 
SCR  in  status  telemetry.  Latching  A10K2  disconnects  the  CDVU  +9  volt  bus  from 
the  regulator  powering  SCR  Hi  and  connects  it  to  the  5 volt  regulator  powering 
SCR  H2 . SCRISEL  is  the  reciprocal  command  to  SCR2SEL.  Verification  of  SCR2SEL 
requires  TM  power  to  be  ON.  SCR2SEL  is  verified  if  SCR  H2  is  ON,  which  can  be 
inferred  by  monitoring  the  status  of  SCR  III.  If  SCR  III  is  Off,  SCR  i?2  should  be 
ON  (Normal  operation).  This  status  is  monitored  by  the  telemetry  function 
TSCRSTAT  (see  Paragraph  14.7.2).  SCR2SEL  is  conditionally  verified  if  TSCRSTAT 
“ 0.  SCR2SEL  is  absolutely  verified  If  a 870  command  message  is  executed  with 
RIU  8B  powered. 

Command  843,  SELRBCG,  turns  on  the  redundant  macro-discrete  coouaand  generator  B 
and  turns  off  the  primary  MDCG-B.  Execution  of  SELRCG  latches  relay  A14K5  and 
K6  and  resets  relays  A14K7  and  K8  (see  Figure  14.6.4-16).  Latching  A14K5 
disconnects  the  CDVU  +9  volt  bus  from  the  5 volt  regulator  that  powers  the 
primary  MDCG-B  interface  and  decoding  circuits  and  disconnect  the  ground 
(disables)  from  the  decoding  circuits.  Latching  A14K6  disconnects  the  +33  volt 
bus  from  the  primary,  MDCG-B  pulse  generator,  and  grounds  (sets  to  zero)  tha 
Primary  MDCG-B  status  telemetry.  Resetting  A14K7  connects  the  CDVU  +9  volt  bus 
to  the  5 volt  regulator  that  powers  the  redundant  MDCG-B  interface  and  decoding 
circuits  and  connects  the  decoder  to  ground  (the  enable  signal).  Resetting 
relay  A14K8  connects  the  +33  volt  bus  to  the  command  pulse  generator  and  +5  volt 
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to  the  Redundant  MDCG  status  telemetry.  SELPBCG  Is  the  reciprocal  to  SELRBCG. 
Command  verification  requires  that  TM  power  be  ON.  Verification  consists  of 
determining  that  ^^DCG-B  redundant  is  ON  and  Primary  is  OFF.  This  condition  is 
sensed  by  the  telemetry  function  THCGSEL  (Paragraph  14.7.2.23)  and  is  satisfied 
if  TMCGSEL  “ **01. 

14.6.1.11  D.C.  Restore  Control 

The  Thematic  Mapper  utilizes  DC  restoration  to  eliminate  amplifier  drift.  At 
the  end  of  each  shutter  sweep,  during  the  turn  around  interval,  the  reference 
level  for  each  channel  is  re-established.  For  bands  1 through  5 and  band  7,  DC 
restoration  is  accomplished  by  setting  the  output  to  2 1/2  +1/2  counts  during 

the  interval  when  the  field  of  view  is  blocked  by  the  shutter.  Band  6 DC 
restoration  is  accomplished  by  setting  the  output  level  to  a value  commensurate 
with  shutter  temperature.  The  shutter  temperatures  are  sensed  by  thermistors  on 
the  calibration  flag,  backup  flag  and  the  aft  optics  frame.  Selection  of  the 
Band  6 DC  restore  source  is  a function  of  shutter  selection  or  by  command.  The 

DC  restoration  for  band  6,  only,  can  be  selected  by  command. 

The  commands  used  to  control  DC  restoration  are: 


Number 

Acronym 

Command 

Name 

732 

DMAGOFF 

Frame  DC  Restore  Select 

742 

DCRTMOFF 

DC  Restore  & Telemetry 

Scaling  Off 

837 

DCRON 

DC  Restore  On 

Command  732,  DMAGOFF,  selects  the  frame  temperature  derived  Band  6 DC  restore 
signal  and  de-energizes  the  radiative  cooler  door  magnets.  Execution  of  DMAGOFF, 
latches  relay  A8K1  and  resets  relays  A16K10  and  A16K11  (see  Figure  14.6-17  and 
14.6-18).  Resetting  A16K10  and  A16K11  de-energizes  the  cooler  door  electro- 
magnetic latches  (Paragraph  14.6.1.9).  Latching  relay  A8KI  connects  the  dc 
restore  signal  derived  from  the  aft  optics  frame  temperature  to  the  mux  dc 
restore  circuits,  and  disconnects  the  shutter  temperature  derived  dc  restore 
signal.  If  the  TM  is  on,  the  Mux  is  On,  and  Telemetry  Scaling  is  On,  the  Band  6 
channels  will  be  restored  based  upon  frame  temperature.  DMAGOFF  has  no 
prerequisites  and  the  commands  CSHTRON  and  BUSHTRON  are  reciprocal  in  that  they 
reset  relay  A8K1 . Verification  of  DfLlGOFF  req\iires  that  power  be  removed  from 
the  door  electro-magnets  and  frame  dc  restore  be  selected.  These  conditions  are 
sensed  by  telemetry  functions  TDOOREM  and  TDCRSTAT.  DMAGOFF  is  verified  if 
TDOOREM  - 0 and  TDCRSTAT  - *1  (*  » 1 or  0). 
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Command  837,  DGRON,  turns  on  the  normal  Band  fi  dc  restore  signal  generators. 
Execution  of  DCRON  resets  relay  A5K2  (see  Figure  14.6-18).  Resetting  A5K2 
connects  the  radiometer  + and  - 19  volt  buses  Co  Che  volt  regulator  that 
provides  power  to  the  cal  and  backup  shutter  temperature  sensing  and  dc  restore 
generation  circuits  (see  Figure  14.6-6).  DCRON  has  no  pre-requisites  and 
DCRTMOFF  is  its  reciprocal.  Execution  of  DCRON  results  in  the  following 
telemetry  responses; 


Function 

State 

Mode 

TCALST 

>2  cnts 

— 

TBUST 

>2  cnts 

Command  742,  DCRTMOFF,  turns  off  the  Band  6 dc  restoration  and  the  telemetry 
scaling  circuits.  Execution  of  DCRTMOFF  latches  relays  A5K2  and  resets  relay 
A8K2  (see  Figure  14.6-18).  Latching  A5K2  disconnects  the  radiometer  + and  - 19 
volt  buses  from  the  +12  volt  regulator  that  powers  the  dc  restore  generator  and 
shutter  temperature  sensing  circuits.  Resetting  ASK2  disconnects  the  radiometer 
+ and  - 19  volt  buses  from  the  +12  volt  regulator  that  power  the  telemetry 
scaling  circuits.  The  telemetry  scaling  clrcuics  consist  of  the  telemetry 
monitors  for  the  Blackbody  Monitor,  Silicon  Focal  Plane  and  Baffle  Temperatures 
and  the  Frame  dc  restore  signal  generutor.  DCRTMOFF  has  no  prerequisites  and 
DCRON  plus  TLMSCLON  represent  a reciprocal  set  of  commands.  Execution  of 
DCRTMOFF  results  in  the  following  telemetry  responses; 


Funct Ion 

State 

Mode 

TTLMSCAL 

0 

TIM  Scale/DCR  Off 

TSIFPT 

<2  cnts 

TBBT 

<2  cnts 

TBAFFT 

<2  cnts 

TCAST 

<2  cnts 

TBUST 

<2  cnts 

14.6.1  .2  Telemetry  Scaling  Control 

The  telemetry  scaling  circuits  monitor  certain  temperatures  and  produce 
telemetry  compatible  outputs.  The  circuits  consist  of  +6.4  volt  reference 
supplies,  six  temperature  telemetry  conditioning  circuits,  and  the  band  6 dc 
restore  signal  generator.  Three  temperature  conditioning  circuits  are  unused 
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and  the  other  are  silicon  focal  plane,  blackbody  and  baffle  temperature.  The 
commands  used  to  control  the  Telemetry  scaiitsg  circuits  are; 


Commands 

Number 

Acronym 

Na^'-e 

742 

DCRTMOFF 

DC  Restore/Telen^try  Scaling 

801 

TLMSCLON 

Telemetry  Scaling  On 

Command  742,  DCRTMOFF  turns  off  the  DC  restore  and  telemetry  scaling  circuits. 
Execution  of  DCRTMOFF,  latches  relay  A5K2  and  resets  relay  A8K2  (see  Figure 
14.6~18).  Latching  A5K2  disconnects  the  radiometer  4-  and  -19  volt  buses  from  the 
+12  volt  regulator  that  powers  the  DC  restore  circuits.  Resetting  A8K2 
disconnects  the  radiometer  + and  - 19  volt  buses  from  the  +12  volt  regulator 
that  powers  the  telemetry  scaling  circuits.  DCRTMOFF  has  no  prerequisites  and 
commands  TLMSCLON  and  DCRON  together  form  the  reciprocal.  Execution  of  DCRTMOFF 
results  in  the  following  telemetry  responses: 


Function  State 


Mode 


TLMSCAL 

TSIFPT 

TBBT 

TBAFFT 

TCALST 

TBUST 


0 

<2  cnts 
<2  cnts 
<2  cnts 
<2  cnts 
<2  cnts 


TLM  Scale/DCC  Off 
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Command  801  TLMSCLON  turns  on  the  telemetry  scaling  circuits.  Execution  of 
TLMSCLON  latches  relay  A8K2  (see  Figure  14.6-18).  Latching  A8K2  connects  the 
radiometer  + and  - 19  volt  buses  to  the  +12  volt  regulator  that  powers  the 
telemetry  scaling  circuits.  TLMSCLON  has  no  pre-requisite  commands  and  DCRTMOFF 
is  Its  reciprocal.  Execution  of  TLMSCLON  produces  the  following  telemetry: 


Function 

State 

Mode 

TTLMCAL 

1 

TLM  Scale/DCR  TLM  On 

TSIFPT 

>2  cnts 

TBBT 

>2  cnts 

TBAFFT 

>2  cnts 

14.6.1 .13  Inchwonn  Control  and  Monitoring 

The  Thematic  Mapper  has  two  focal  planes:  an  ambient  focal  plane  and  a cooled 
focal  plane.  The  64  detectors  of  bands  1 through  4 are  toounted  on  the  ambient 
or  silicon  focal  plane.  The  32  detectors  of  bands  5 and  7 and  the  4 detectors 
of  band  6 are  mounted  on  the  cooled  focal  plane.  The  ambient  focal  plane  is 
fixed  at  the  telescope  focus.  The  cooled  focal  plane  is  imaged  at  the  telescope 
focus  by  the  relay  optics.  The  spherical  mirror  of  the  relay  optics  is  supported 
by  inchworms  at  each  of  three  equally  spaced  points  around  the  mirror  periphery. 
Motion  of  the  inchworms  provides  for  the  alignment  of  the  cooled  detector  arrays 
with  respect  to  the  ambient  arrays  and  for  focus  adjustment  of  the  cooled 
arrays.  An  indication  of  relative  lnchv;orm  position  during  motion  is  provided 
by  a linear  variable  differential  transformer  (LVDT)  located  on  each  Inchworm. 
The  inchworm  and  multiplexer  power  supplies  share  the  30  volt  bus  and  the  three 
inchworms  share  the  same  high  voltage  power  supplies.  To  prevent  overloading  of 
the  30  volt  bus  or  high  voltage  power  supply,  the  multiplexer  must  be  off  during 
inchworm  operation  and  only  one  inchworm  shall  be  operated  at  a time.  Inchworm 
monitoring  and  operation  are  controlled  by  two  serial  command  871  messages,  two 
serial  command  872  messages  and  eight  the  serial  command  870  messages.  The  six 
bits  of  command  870  used  in  the  eight  messages  are: 
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Bit  # 

Function 

7 

Move  Comtoand 
1 “ Move 
0 - Don't  Move 

8 

Extend  Command 
1 ••  Extend 
0 “ Don't  Extend 

9 

Contract  Command 
1 •>  Contract 
0 - Don't  Contract 

10 

Inchworm  3 Command 
1 “ Enable 
C “ Inhibit 

11 

Inchworm  2 Command 
1 Enable 
0 “ Inhibit 

12 

Inchworm  1 Command 
1 “ Enable 
0 - Inhibit 

Since  entire  870  command  messages  must  be  sent,  a number  of  inchworm  command 
messages  are  defined  in  the  following  paragraphs.  Their  usage  assumes  that 
concurrent  cooler  door  or  midscan  marker  operations  are  prohibited.  The  inchworm 
control  commands  are: 
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Inchvform  Comtaands 


Message 


No. 

(HEX) 

Acronym 

Name 

870 

0000 

RST870 

Reset  870 

870 

0200 

IWCYCL 

Inchworm 

Logic  Cycle 

870 

0310 

IWIEXT 

Inchworm 

1 Extend 

870 

0320 

IW2EXT 

Inchworm 

2 Extend 

870 

0340 

IW3EXT 

Inchworm 

3 Extend 

870 

0290 

IWICNT 

Inchworm 

1 Contract 

870 

02A0 

IW2CNT 

Inchworm 

2 Contract 

870 

02C0 

IW3CNT 

Inchworm 

3 Co.itract 

871 

0002 

I WON 

Inchworm 

Power  On 

871 

0001 

IWOFF 

Inchworm 

Power  Off 

872 

0020 

LVDTON 

LVDT  Power  On 

872 

0004 

LVDTOFF 

LVDT  Power  Off 

Serial  command  870  message  [0000]  RST870,  initializes  all  logic  control 

signals  to  the  inchwo^ta  drive  circuits.  Execution  of  RST870  executes  10  logic 
level  commands:  6 inchwonn  commands,  2 cooler  door  comiaands  and  2 midscan 

control  commands.  The  six  inchworm  control  commands  disable  the  Move,  Extend 
and  Contract  signals  and  inhibit  inchworms  1,  2 and  3.  The  two  cooler  door 
commands  inhibit  door  motion  and  set  the  door  direction  to  OPEN.  The  Midscan 
commands  disable  (both  A and  B)  the  marker.  RST870  is  used  to  set  the  Inchworm 
logic  in  a known  state.  Execution  of  RST870  requires  that  the  command  be 
executed  by  the  RIU  paired  with  the  selected  serial  command  receiver.  There  is 
no  direct  (senalble)  reciprocal  to  the  RST870  command.  Verification  of  the 

receipt  of  RST870  can  be  accomplished,  but  not  verification  of  execution. 
Receipt  is  verified  if  TECHO  “ (OOOOO)j^^. 

Serial  command  870  message  [0200],  IWCYCL,  initiates  an  inchworm  logic  timing 
cycle.  Execution  of  IWCYCL  produces  the  same  results  as  execution  of  RST870 
except  a logic  one  is  presented  to  the  MOVE  circuit  initiating  a logic  cycle. 
Logic  operation  requires  Inchworm  power.  RST870  is  the  reciprocal  of  IWCYCL. 
Execution  of  IWCYCL  cannot  be  verified  but  receipt  is  verified  If  TECHO  ” 
(0200)^^. 

Serial  Command  870  message  [0310]  , IWIEXTD,  causes  inchwonn  number  1 to  extend 
one  step.  Execution  of  IWIEXTD  provides  an  enable  signal  to  inchworm  1 control 
logic  , an  extend  enable  signal  to  Che  logic  decoder,  and  a move  command  to 
clock  circuit.  A.ssumtng  that  Inchwonn  power  Is  on,  one  excenaiou  stop  will  be 
executed  by  inchworm  number  I in  approximately  2 seconds.  RST870  is  the 
reciprocal  of  IWIEXTD.  Receipt  of  IWIEXTD  is  verified  if  TECHO  « (0310)^^. 
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Execution  of  IWIEXTD  may  be  discerned  by  noting  a change  in  Inchworm  1 position 
telemetry.  The  telemetry  granuarity  is  approximately  equal  to  the  step  size. 
Assuming  a step  is  discernible,  IWIEXTD  is  verified  If; 

TIWIPOS  0t+16  seconds  > TIWIPOS  @t 

where  t “ time  of  command 

Serial  command  870  message  {0320],  IW2EXTD,  causes  inchworm  number  2 to  extend 
one  step.  Execution  of  IW2EXTD  prcduces  an  enable  signal  at  the  inchworm  2 
control  logic,  an  extend  enable  signal  to  the  decoding  logic,  and  a B»ve  command 
to  the  clock  circuit.  Assuming  inchwcnn  power  ic  on,  one  extension  step  will  be 
executed  by  inchworm  number  2,  requiring  approximately  2 seconds.  ’’ST870  is  the 
reciprocal  of  IW2EXT0.  Receipt  of  IW2EXTD  is  verified  if  TECHO  (0320)^^^. 

Execution  of  IW2EXTD  may  be  verified  by  noting  a change  in  Inchworm  2 position 
telemetry.  The  telemetry  granularity  is  approximately  equal  to  the  inchworm 
step  size.  Assuming  a step  is  discernible,  IW2EXTD  is  verified  if: 

TIW2P0S  @t+16  seconds  ^ TIW2P0S  @t 

where  t * time  of  command 

Serial  command  870  message  {0340},  IW3EXTD,  causes  inchworm  number  3 to  extend 
one  step.  Execution  of  IW3EXTD  provides  an  enable  signal  to  inchworm  3 central 
logic,  an  extend  signal  to  the  decoding  logic,  and  a move  command  to  the  clock 
circuit.  Assuming  that  Inchworm  power  is  on,  one  extension  step  will  be  executed 
by  Inchworm  3 requiring  approximately  2 seconds.  The  reciprocal  of  IW3EXTD  is 
RST  870.  Receipt  of  IW3EXTD  Is  verified  if  TECHO  - (0340)^^^. 

Execution  of  IW3EXTD  may  be  verified  If  a change  in  position  telemetry  can  be 
discerned.  The  telemetry  granularity  and  inchworm  step  size  are  approximately 
equal.  Assuming  a seep  is  discernible,  IW3SXTD  is  verified  if: 

TIW3P0S  @t+16  seconds  > TIW3P0S  @t 

where  t •»  time  of  command 

Serial  command  870  message  {0290] , IWICONT,  causes  Inchworm  1 to  contract  one 
step.  Execution  of  IWICONT  provides  an  enable  signal  to  Inchworm  control  logic, 
a contract  signal  to  the  decoding  logic,  and  a move  command  to  the  clock 
circuit.  Assuming  that  inchworm  power  is  on,  a one  step  contraction  will  be 
executed  by  inchworm  1,  requiring  approximately  2 seconds.  The  reciprocal  of 
IWICOMT  is  RST870.  Receipt  of  IWICONT  is  verified  if  TFXUO  (0290)^^^. 

Execution  of  IWICONT  may  be  verifiable  if  a change  in  position  telemetry  is 
discernible.  The  telemetiy  granularity  and  inchworm  step  size  are  approximately 
equal.  Assuming  a step  is  discernible  IWICONT  is  verified  if: 
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TIWIPOS  0t+116  seconds  >_ TIWIPOS  @£ 
where  t ■»  time  of  command 

Serial  command  870  message  [02A0] , IW2C0KT,  causes  a one  step  contraction  by 
inchworm  number  2.  Execution  of  IW2C0OT  provides  an  enable  signal  to  inchworm  2 
control  logic,  a contract  signal  to  the  decoding  logic  and  a move  command  to  the 
clock  circuit.  Assuming  that  inchworm  power  is  ON,  a one  step  contraction  in 
inchworm  2 will  occur  in  approximately  two  seconds.  The  reciprocal  of  IW2C0NT 

Is  RST870.  Receipt  of  IW2CONT  is  verified  if  TECHO  >»  (02A0),, 

io 

Execution  of  IW2C0NT  may  be  verx/iable  if  it  causes  a change  in  position 
telemetry.  Telemetry  granularity  and  step  size  are  approximately  equal  IW2C0NT 

is  verified  if; 


TIW2P0S  0t+16  seconds 

Serial  command  870  message  [002C0] , IW3C0NT,  produces  a one  step  contraction  in 
Inchworm  number  3.  Execution  of  IW3C0NT  results  in  an  enable  signal  to  inchworm 
3 control  logic,  a contract  signal  to  the  decoding  logic  and  a move  command  to 
the  clock  circuit.  Assuming  that  inchworm  power  is  on,  inchworm  3 will  contract 
one  step  (~5U  mlcro-in..'  "8) . The  reciprocal  of  IW3C0NT  is  RST870.  Receipt  of 
IW2C0NT  is  verified  if  TECHO  “ (0200)^^^, 

Execution  of  IW3C0NT  may  be  verifiable  if  it  produces  a change  in  position 
telemetry.  Since  telemetry  granularity  is  approximately  equal  to  step  size, 
verification  may  be  feasible.  IW3C0NT  is  verified  if: 

TIW3P0S  0t+16  seconds  > TIW3PCS  0t 

where  t “ time  of  command 

Serial  command  871  message  [0002],  IWON,  applies  power  to  the  inchworm  control 
and  drive  circuits.  Execution  of  IWON  resets  relays  A23K1  and  A23K.2  (see  Figure 
14.6-19).  Reseting  A23K1  connects  the  +8  volt  bus  to  the  5 volt  regulator  that 
powers  the  inchworm  logic  and  connects,  through  4700  ohms,  the  +5  volt  VU  bus  to 
the  inchworm  telemetry.  Resetting  A23K2  connects  the  +30  volt  mux  bus  to  the 
Inchworm  high  voltage  power  supplies.  Execution  of  IWON  requires  proper 
selection  of  RIU  and  command  generator  A and  requires  that  command  generator  A 
be  ON.  IWOFF  is  the  reciprocal  to  IWON.  Execution  of  IWON  Is  verified  if 
TIWSTAT  *■  1*. 

Verification  requires  that  the  TM  be  ON. 

Serial  command  871  message  [0001],  IWOFF,  turns  off  power  to  the  inchworm  logic 
and  drive  circuits.  Execution  of  IWOFF  latches  relays  A23K1  and  A23K2  (see 
Figure  14.6-19).  Latching  relay  A23K1  disconnects  the  +8  volt  bus  from  the  5 
volt  regulator  that  powers  the  inchworm  status  telemetry.  Latching  relay  A23K2 
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disconnects  the  +30  volt  mux  bus  from  the  Inchworm  high  voltage  power  supplies. 
Execution  of  IWOFF  requires  proper  selection  of  RIU  and  TM  command  generator  A 
sides.  IWON  is  the  reciprocal  to  IWOFF.  Execution  of  IWOFF  is  verified  if  TM 
power  is  on  and  TIWSTAT  =0*. 

Serial  command  872  message  [0020],  LVDTON,  turns  on  the  inchworm  position 
telemetry.  Execution  of  LVDTON  resets  relay  A9K3  (see  Figure  14.6-19). 
Resetting  A9K3  connects  the  radiometer  + and  - 19  volt  buses  to  the  +15  volt 
regulators  that  power  the  inchworm  position  monitor  circuits.  Execution  of 
LVDTON  requires  proper  selection  of  RIU  8 and  TM  command  generator  B sides  and 
TM  power  on.  LVDTOFF  is  the  reciprocal  of  LVDTON.  Execution  of  LVDTON  produces 
the  following  telemetry  responses: 


Function  State 


Mode 


TIWSTAT 

*1 

Inchworm  TLM  ON  or 
Inchworm  ON 

TIWIPOS 

>2  cnts 

TIW2P0S 

>2  cnts 

TIW3P0S 

>2  cnts 

* 1 or  0 

Serial  command  872  message  [0004],  LVDTOFF,  turns  on  the  inchworm  position 
telemetry.  Execution  of  LVDTOFF  latches  relay  A9K3  (see  Figure  14.6-19). 
Latching  A9K3  disconnects  the  + and  - 19  volt  radiometer  buses  from  the  +15  volt 
regulator  that  powers  the  position  telemetry.  Execution  of  LVDTOFF  requires  TM 
ON  and  proper  selection  of  RIU  8 and  TM  command  generator  B sides.  LVDTON  is 
Che  reciprocal  of  LVDTOFF.  The  following  telemetry  responses  are  produced  by 
LVDTOFF,  assuming  TM  is  on. 


Function  State 


Mode 


TIWSTAT 

TIWIPOS 

T1W2P0S 

TIW3P03 


*0 

<2  cnts 
<2  cnts 
<1  cnts 


LVDT  OFF 


* 1 or  0 
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14.6.1.14  Cooler  Temperature  Control 

The  TM  radiative  cooler  Is  equipped  with  two  feetts  of  heaters  which  are 
of  warming  up  the  cooler  and  maintaining  its  temperature  at  293°  Kelvin.  Th* 

Intermediate  stage  heater  is  capable  of  producing  approximately  29  watta  ij. 
controlled  by  three  commands.  The  cold  stage  heaters  can  produce  approximately 
42  watts  and  are  controlled  by  four  commands.  The  cooler  control  commande  arej 


Cooler 

Temperature  Control 

Commands 

Number 

Acronym 

Name 

871[0200] 

DISISTC 

Disable  IS  Temp  Controller 

871[0400] 

ENAISTC 

Enable  IS  Temp  Controller 

871(08001 

ISOUTENA 

Enable  IS  Outgas 

872(0080] 

DISCSHTR 

Disable  CS  Heater 

872(0100] 

CIACSHTR 

Enable  CS  Heater 

872(0200] 

CSOUTENA 

Enable  CS  Outgas  Mode 

872(8000] 

CSTLfSOFF 

CS  Telemetry  OFF 

Serial  command  871  message  (0200], 

DISISTC,  turns  off  the  Intermediate  st4j;a 

outgas  heater.  Execution  of  DISISTC  resets 

relay  A16K5  and  latches  relay 

(see  Figure  14.6-20). 

Resetting  A15K5  disables  the  outgas  heater  by  remin '.g 

the  enable  (ground)  signal.  Latching  A5K4  disconnects  the  + and  - 19  >',ls 

radiometer  buses  from  th 

a +12  volt  regulator 

that  powers  the  outgas  contro.ler. 

Execution  of  DISISTC 

requires  that 

an  RIU  8/Macro-Dlscrete  Command  Oenfrrat'.r 

(MDCG)-A  pair  be  powered 

. DISISTC  has 

two 

reciprocal  commands;  ENAISTC  ».-,d 

ISOUTENA.  Verification 

of  DISISTC  requires 

that  TM  power  be  ON.  The  ttli-.’mtry 

response  is: 

Funct ion 

State 

Mode 

TISCNTRL 

00 

IS  CNTRL  OFF 

TISCT 

>171°K 

TISHT 

>317°K 

Serial  command  871  message  [0400],  EKAISTC,  enables  Che  intersjidl  s!  4 ■ 

temperature  monitoring  and  control.  Execution  of  Eh'AISTC  resets  relay 
Figure  14.6-20).  Resetting  A5K4  connects  the  + and  - 19  volt  radiometerfc 
to  the  +12  volt  regulator  that  powers  the  temperature  monitoring  and 
circuits.  Execution  of  this  command  rquires  that  an  RIU  8/HDCG-A  yitr  v> 
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powered.  DISISTC  is  the  reciprocal  of  ENAISTC.  Verification  of  ENAISTC  requires 
that  TM  power  be  ON.  Execution  of  ENAISTC  produces  the  following  telemetry 
response: 


Function 

State 

Mode 

TISCNTRL 

10 

IS  CNTRL  ON  TLM* 

11 

IS  CNTRL  0/G  ON* 

TISTC 

<171 

TISTH 

<300 

*either  mode 


Serial  cotamand  871  message  [0800],  ISOUTENA,  enables  the  intermediate  stage 
outgas  heater.  If  the  intermediate  stage  controller  is  on,  the  outgas  heater 
will  be  powered  upon  execution  of  this  command.  Execution  of  ISOUTENA  latches 
relay  A16K5  (see  Figure  14.6—20).  Latching  A1&K5  enables  the  outgas  heater  by 
■providing  a ground  to  the  control  circuits.  Execution  of  ISOUTENA  requires  Chat 
a RIU8  MDCG-A  pair  be  powered.  DISISTC  is  the  reciprocal  to  ISOUTENA.  Cocsaand 
verification  requires  that  CDVU  +9  volt  power  be  available  (TM  ON).  Execution 
of  ISOUTENA  produces  the  following  telemetry  response. 


Function 

State 

Mode 

TISCNTRL 

*1 

IS  CNTRL  0/G  SEL  or 

IS  CNTRL  0/G  ON 

* 1 or  0 

Serial  command  872  message  [0080],  DISCSHTR,  disables  the  cold  stage  outgas 
heater.  If  the  intermediate  stage  heater  is  on,  Che  outgas  heater  will  be 
powered  upon  execution  of  this  command.  Execution  of  DISCSHTR  resets  relay  a16K4 
and  latches  relay  A4K.10  (see  Figure  14.6-21',  Resetting  A16K4  disconnects  the 
ou*'gas  on  (ground)  signal  from  Che  temperature  controller,  anj  grounds  the  Cold 
Stage  Power  On/Off  telemetry  Input  (TM  108-51).  Latching  A4K10  connects  the  -t 
and  - 15  volt  cold  stage  controller  buses  to  the  heater  control  circuits.  If 
the  TM  is  on  and  the  cold  stage  heater  enabled,  this  command  turns  off  the 
outgas  heater.  Execution  requires  TM  to  be  on  and  an  RIU  8/MDCG-B  pair  powered. 
The  reciprocal  to  DISCSHTR  are  commands  ENACSHTR  and  CSOUTENA.  Execution  of 
this  command  is  verified  if  TCSCNTLR  “ 100.  Verification  requires  that  TM  and 
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cold  stage  controller  power  oe  on. 

Serial  command  872  message  [0100} , ENACSHTR,  turns  on  the  cold  stage  teaperature 
monitoring  and  control.  Execution  of  ENACSHTR  latches  relay  A4K3  and  resets 
relay  A4K10  (see  Figure  14.6-21).  Latching  A4K9  connects  the  + and  - 19  volt 
radiometer  buses  to  the  +15  volt  regulator  that  power  the  cold  stage 
temperature  monitoring  circuits.  Resetting  A4K10  connects  the  +15  volt  cold 
stage  buses  to  the  cold  stage  heater  control  circuit.  If  Che  outgas  mode  is 
enabled  the  heaters  will  turn  on.  Execution  of  ENACSHTR  requires  TM  power  and 
that  a RIU  8/MDCG-B  pair  be  powered.  The  reciprocal  of  ENACHSHTR  is  CSTGTMOF 
and  DISCSHTR.  Verification  of  ENACSHTR  requires  that  TM  power  be  on.  Execution 
of  ENACSHTR  produces  the  following  telemetry  response. 


Function 

State 

Mode 

TCSCNTLR 

11* 

CS  CNTRL  ENABLE  or 

CS  CNTRL  0/G  ON 

TCSHTP.I 

>60  raA 

TCSCT 

>I27°K 

■ "TBD”  time  delay 

TCSHT 

>293°K 

"TBD"  time  delay 

* 1 or  0 


Serial  command  872  message  [0200] , CSOUTENA,  enables  the  cold  stage  outgas 
heater.  If  the  cold  stage  controller  is  on,  the  command  turns  on  the  outgas 
heater.  Execution  of  CSOUTENA  resets  rela>  A16K4  (see  Figure  14.6-21). 
Resetting  A16K4  enables  the  outgas  heater  by  providing  a ground  and  connects  the 
outgas  on  telemetry  out  to  +5  volts.  Execution  of  CSOUTENA  requires  that  the  TM 
be  on  and  a RIU  8/MDCG-B  pair  be  powered.  CSOUTENA  is  verified  if  TM  power  is  on 
and  TCSCNTLR  - **1. 

Serial  command  872  message  [8000],  CSTLMOFF,  turns  off  the  cold  stage  telemetry 
and  disables  the  controller.  Execution  of  CSTLMOFF  resets  relay  A4K9  (see 
Figure  14.6-21).  Resetting  A4K9  disconnects  the  + and  - 19  volt  radiometer  buses 
from  the  +15  volt  regulator  that  powers  the  cold  stage  telemetry  and  controller. 
CST1.M0FF  execution  requires  that  a RIU  8/TM  MDCG-B  pair  be  powered.  The 
reciprocal  of  CSTLMOFF  is  ENACSHTR.  Verification  of  CSTGTMOF  requires  that  TM 
be  ON.  Execution  of  CSTGTMOF  produces  the  following  telemetry  responses. 
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Function 

State 

Mode 

TCSCNTLR 

00* 

CS  CNTRL  OFF  or 

CS  CNTRL  0/G  ENA 

TCSHTRI 

<0  laAmps 

TCSCT 

>127°K 

TBD  TIME  DELAY 

TCSHT 

>293°K 

TBD  TIME  DELAY 

*don't  care  (1  or  0) 


14.6.1.15  Scan  Line  corrector  Control 

The  Thematic  Mapper  radiometer  utilizes  a bi-directional  scanner.  To  produce 
contiguous  sweeps  a scan  line  corrector  (SLC)  is  employed.  The  purpose  of  the 
SLC  is  to  correct  for  the  forward  motion  of  the  spacecraft  by  displacing  the 
optical  axis  backwards  along  the  ground  Crack  at  the  rate  equal  to  the  velocity 
of  the  subsatellite  point.  This  is  accomplished  by  rotating  two  parallel 
mirrors,  tilted  45°  from  the  optical  axis.  The  SLC  consists  of  a mirror 
assembly,  drive  motor,  redundant  tachometer  and  drive  electronics  (see  Figure 
14.6-22).  The  scan  line  corrector  is  controlled  by  three  commands. 


SLC  Commands 

Number 

Acronym 

Name 

871[0010] 

SLCOFF 

Scan  Line  Correctors  Off 

371[0020J 

SLC2SEL 

Select  SLC  2 

87L[0040] 

SLCISEL 

Select  SLC  1 

Serial  command  871  message  [0010],  SLCOFF,  turns  off  both  scan  line  correctors. 
Execution  of  SLCOFF  resets  relays  A1K3,  A1K4,  A2K3  and  A2K4  (see  Figure 

14.6-22).  Resetting  AIK3  disconnects  the  + and  - 19  volt  radiometer  buses  from 
the  +15  volt  regulator  that  powers  scan  line  corrector  number  1.  Resetting  A1K4 
disconnects  the  +8  volt  logic  bus  from  the  +5  volt  regulator  Chat  provides  logic 
power  to  SLC  1.  Resetting  relays  A2K3  and  A2K4  disconnect  the  + and  ~ 19  volt 
radiometer  bus  from  the  +15  regulator  and  the  +8  volt  Logic  bus  from  Che  +5  volt 
regulator  that  power  SLC  H2.  Execution  of  SLCOFF  requires  proper  selection  of 
RIU  8 and  TM  macrodiscrete  command  generator  A sides  (A/prime  or  B/redundant) . 
Commands  SLCISEL  and  SLC2SEL  are  the  complements  (reciprocals)  of  SLCOFF. 
Verification  of  SLCOFF  requires  that  both  scan  line  correctors  be  off.  Assuming 
the  TM  is  ON,  the  following  telemetry  responses  will  obtain  if  SLCOFF  executes: 
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Function 

State 

Mode 

TSLCSES 

00 

SLC  OFF 

TMSLCII 

<0  Amps 

TMSLC2I 

<0  Amps 

TSL115V 

<-2.5  Volts 

TSL15VP 

<0  Volts 

TSL215VP 

<-2.5  Volts 

TSL25VP 

0 volts 

Serial  command  871  message  [0020]  SLC2SEL,  turns  off  scan  line  corrector 
electronics  1 and  turns  on  scan  line  corrector  electronics  2.  Execution  of 
SLC2SEL  resets  relays  A1K2,  A1K3,  A1K4  and  latches  relays  A2K2,  A2K3,  and  A2K4 
(see  Figure  14.6-22).  Resetting  A1K2  disconnects  SLC  1 electronics  from  the  SLC 
motor.  Resetting  A1K3  and  A1K4  disconnects  the  + and  - 19  volt  radiometer  buses 
and  the  8 volt  logic  bus  from  SLC  1 electronics.  Latching  A2K2  connects  the 
motor  drive  output  of  SLC  2 electronics  to  the  SLC  motor.  Latching  A2K3 
connects  the  + and  - 19  volt  radiometer  buses  to  the  +15  volt  regulator  chat 
provides  power  to  SLC  2 electronics.  Latching  relay  A2K4  connects  the  +8  volt 
logic  bus  to  Che  5 volt  regulator  that  provides  logic  power  to  SLC2  electronics. 
SLC2SEL  should  be  used  to  turn  on  scan  line  corrector  2 and  should  not  be 
executed  if  scan  line  corrector  1 is  on.  Execution  of  SLC2SEL  requires  proper 
selection  of  RIU  8 and  TM  macrodiscrete  command  generator  (JiDCG)  A sides 
(A/prime  or  B/redundant)  and  that  the  MDCG  be  on.  The  reciprocal  of  SLC2SEL  is 
SLCOFF.  Execution  of  SLC2SEL  is  verified  if  scan  line  corrector  2 turns  on.  If 
SLC2  turns  on  the  following  telemetry  responses  occur. 


Function  State  Mode 


TSLCSEL 

01 

SLC  2 ON 

TSLCII 

<0.2  Amps 

TSLC2I 

(TBD) 

TSH15V 

<-2.5  Volts 

TSL15VP 

<0  Volts 

TSL215V 

+0.2  Volts 

TSL25VP 

5 +.4  Volts 

Serial  command  871  message  [0040],  SLCISEL,  turns  off  scan  line  corrector  2 
electronics  and  turns  on  scan  line  corrector  1 electronics.  Execution  of 
SLCISEL  resets  relays  A2K2,  A2K3,  A2K4  and  latches  relays  A1K2,  A1K3,  and  A1K4 
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(see  Figure  14.6-22).  Resetting  relay  A2K2  disconnects  SLC  2 electronics  from, 
Che  SLC  motor.  Resetting  A2K3  and  a2K4  disconnect  Che  + and  ~ 19  volt 
radiometer  buses  and  the  +8  volt  logic  bus  from  SLC  2 electronics.  Latching 
A1K2  connects  the  motor  drive  output  of  SLC  1 electronics  to  the  SLC  motor. 
Latching  A1K3  connects  the  + and  - 19  volt  radiometer  buses  to  the  +15  volt 
regulator  which  provides  power  to  SLC  1.  Latching  A1K4  connects  the  8 volt 
logic  bus  to  Che  5 volt  regulator  that  provides  logic  power  to  SLC  1 
electronics.  SLCISEL  is  used  to  turn  on  SLC  1 but  should  not  be  executed  if  SLC 
2 electronics  are  on.  Execution  of  SLCISEL  requires  that  the  side  of  RIU  8 that 
is  powered  be  matched  to  the  side  of  Macrodiscrete  Command  generator  A that  is 
powered  (A  and  Prime  or  B and  Redundant).  The  reciprocal  of  SLCISEL  is  SLCOFF. 
Execution  of  SLCISEL  is  verified  if  scan  line  corrector  electronics  1 turns  on. 
If  SLC  1 electronics  are  on  the  following  telemetry  should  be  observed. 


Function 

State 

Mode 

TSLCSEL 

10 

SLC  1 ON 

TSLCII 

TBD 

TSLC2I 

<0  Amps 

TSLl 15V 

+0.2  Volts 

TSL15VP 

5 +.4  Volts 

TSL215V 

<-2.5  Volts 

TSL25V 

<0.0  Volts 

i 

Baffle  Temperature  Control 

The  central  baffle  of  the  TM  telescope  is  temperature  controlled  to  26° 
Centigrade  (C).  The  temperature  is  sensed  by  a thermistor  located  midway  along 
the  baffle  length.  In  the  normal  mode  when  the  baffle  temperature  decreases 
below  26°C  the  heater  is  turned  on.  The  closed  loop  control  can  be  bypassed  and 
a constant  voltage  applied  to  the  heater  by  command.  The  commands  that  control 
the  baffle  heater  are; 


Baffle  Temperature  Control  Command 
Number  Acronym  Name 


872(0400] 

872(0800] 

372(1000] 


BFHTRDIS  Baffle  Heater  Disable 

BFHTRBU  Baffle  Heater  Backup 

BFHTRENA  Baffle  Heater  Enable 
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Serial  command  872  massage  (040Q),  BFKTRDIS,  turns  off  the  baffle  heater 
controller  and  selects  the  temperature  control  mode.  Execution  of  BFHTRDIS 
resets  relays  A8K10  and  A8K11  (see  Figure  14.6-23) . Resetting  A8K10  disconnects 
Che  + and  - 19  volt  radiometer  buses  from  the  +15  volt  regulator  that  powers  the 
temperature  controller.  Resetting  A8K11  connects  the  baffle  heater  return  to  the 
temperature  controller.  Execution  of  BFHTRDIS  requires  that  a RIU  8 and  Macro- 
Discrete  command  Generator  (MDCG)-B  pair  (A  and  Prime  or  B and  Redundant)  be 
powered.  BFHTRDIS  has  two  partial  complements;  BFHTRENA  which  latcha  A8K10  and 
BFHTRBU  which  latches  A8K11.  Verification  of  BFHTRDIS  requires  that  the  Baffle 
temperature  controller  be  off.  The  telemetry  response  associated  with  baffle 
temperature  controller  off  is: 


Baffle  Controller  Telemetry 

Function 

State 

Mode 

TBAFFHTR 

00 

BAFF  HTR  OFF 

TBAFHTRI 

<0  mAiaps 

Serial  command  872  message  [0800],  BFHTRBU,  selects  the  constant  voltage  mode  of 
baffle  heater  operation.  Execution  of  BFHTRBU  latches  relay  A8K11  (see  Figure 
14.6-23).  Latching  A8K11  disconnects  the  heater  return  from  the  controller  and 
connects  it  to  ground  through  20  ohms.  If  heater  power  is  enabled  the  heater  Is 
constantly  on  dissipating  approximately  4 ‘^atts.  Execution  of  BFHTRBU  requires 
that  a RIU  8/MDCG-B  pair  be  powered.  BFHTRDIS  is  the  complement  of  BFHTRBU. 
Verification  of  BniTRBU  requires  that  the  TM  be  ON  and  the  baffle  heater  be 
enabled  (BAFF  HTR  ENA).  The  telemetry  response  Is: 


Funct Ion 

Start 

Mode 

TBAFFHTR 

11 

BAFF  HTR  BU 

TBAFHTRI 

333  +33  /jBps 

Serial  command  872  message  [1000],  BFHTRENA,  enables  the  baffle  temperature 
controller.  If  the  normal  mode  has  been  selected,  the  baffle  heater  will  be 
operated  in  the  temperature  control  taode.  If  the  backvip  mode  has  been  selected 
the  heater  will  be  operated  in  the  constant  voltage  Bode.  Execution  of  BFHTRE^LA 
latches  relay  A8K10  (see  Figure  14.6-23).  Latching  A8K10  connects  the  + and  - 19 
volt  radiometer  buses  to  the  +15  volt  regulator  that  powers  the  baffle 
temperature  controller.  Execution  of  BFHTRENA  requires  that  a RIU  8/MDCG-B  pair 
be  powered.  BFHTRDIS  is  the  reciprocal  of  BFHTRENA.  Verification  of  BFHTRENA 
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that  the  TM  be  ON  or  in  standby.  If  BFHTRENA  is  executed  the  telemetry  response 
ta: 


Function 

State 

Mode 

TBAFFHTR 

1* 

BAFF 

HTR 

NORM  or 

BAFF 

HTR 

BU 

TEAFHTRI 

0 to  513  mAmpa 

* don't  care  (1  or  0) 

14.6.2  COHblAND  SEQUENCES 

Thematic  Mapper  command  sequences  can  be  categorized  as  configuration  sequences, 
operational  sequences,  and  contingency  sequences. 

14.6.2.1  Configuration  Sequences 

Configuration  sequences  are  used  to  select  various  sets  of  redundant  components. 
Three  operating  modes  have  been  defined:  primary,  redundant  and  mixed. 

14.6.2.1.1  Primary  Configuration  Sequence 

The  primary  configuration  sequence  selects  all  TM  components  designated  as  ”1“ 
or  "prime”.  The  primary  configuration  sequence  places  the  TM  in  the  PRIMARY 
configuration.  The  primary  configuration  sequence  Is; 


CMP  £ 

S/S 

634 

PDU 

601 

PDU 

610 

PDU 

470[1476) 

SCCU 

470(3436) 

SCCU 

642 

TM 

615 

TM 

839 

TM 

827 

TM 

714 

TM 

734 

TM 

7 38 

TM 

706 

TM 

708 

TM 

ACRONYM 

ENATMA 

ENSHtdiTR 

EXSBYHTR 

THiiAEN 

TMHBEN 

PSIOFF 

PS20FF 

SHTROFP 

MCGOPF 

LPIOFF 

LP20FF 

LP30FF 

CSHTRON 

LPION 
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710 

TM 

CFPAON 

712 

TM 

LP20N 

716 

TK 

BBHTREKA 

718 

TM 

BDION 

728 

TM 

BD30N 

736 

TM 

THSDENA 

740 

TM 

LP30N 

754 

TM 

BD20N 

758 

TM 

BD40N 

801 

TM 

TLMSCLON 

815 

TM 

BD70N 

819 

TM 

BD50N 

837 

TM 

DCRON 

847 

TM 

BD60N 

823 

TM 

SMEOPF 

756 

TM 

SCRISEL 

726 

TM 

SELPACG 

821 

TM 

SELPBCG 

750 

TM 

SAMISEL 

748 

TM 

SMEISEL 

632 

TM 

PSION 

648 

TM 

MUXIOM 

870[0000) 

TM 

RSTS70 

872(0001) 

TK 

FLSAl-E 

871(0010] 

TM 

SLCOFF 

871(0040) 

TM 

SLCISEL 

871(8000] 

TM 

rSMAENA 

871(2000) 

TM 

' NSMAENA 

871(0200] 

TM 

DISISTC 

871(0400] 

TM 

F.NAISTC 

871(0008] 

TM 

3EQ0N 

871(0001] 

TM 

IWOFf 

872(0004] 

TM 

LVDTOFF 

872(2000] 

TM 

DMTROFF 

872(0400] 

TM 

BniTRDIS 

872(1000] 

TM 

BFHTRENA 

872(0100] 

TM 

ENACSHTR 

872(0080] 

TM 

DISCSHTR 

827 

TM 

MCGOFF 

642 

TM 

PSIOFF 

14.6.2.1.2  Redundant  Configuration  Sequence 

The  redundant  configuration  sequence  selects  all  TM  components  designcsted  as  ''2" 
or  "redundant”.  The  redundant  configuration  sequence  places  the  TM  In  Che 
redundant  configuration.  The  command  sequence  1st 
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CMP 

S/S 

ACRONYM 

607 

PDU 

EN/iTMB 

601 

PDU 

EKSMAHTR 

610 

PDU 

EXSBYHTR 

470(1476] 

SCCU 

TMHAEN 

470(3436] 

SCCU 

TMKBEN 

642 

TM 

PSIOFF 

615 

TM 

PS20FF 

839 

TM 

SHTROFF 

827 

TM 

MCGOFF 

714 

TM 

LPIOFF 

TiU 

TM 

LP20FF 

738 

TM 

LP30FF 

706 

TM 

CSHTRON 

708 

TM 

LPION 

710 

TM 

CFPAON 

712 

TM 

LP20N 

716 

TM 

BBHTRENA 

718 

TM 

BDION 

728 

TM 

BD30N 

736 

TM 

THSDI7ENA 

740 

TM 

lP30N 

754 

TM 

BD20K 

758 

TM 

BD40N 

801 

TM 

TLMSaON 

815 

TM 

BD70N 

819 

TM 

BD50N 

837 

TM 

DCRON 

847 

TM 

BD60N 

823 

TM 

SMEOFF 

829 

TM 

SCR2SEL 

760 

TM 

SELRACG 

843 

TM 

SELRBCG 

831 

TM 

SAM2SEL 

704 

TM 

SHE 2 S EL 

605 

TM 

PS20N 

621 

TM 

MUX20N 

870(0000] 

TM 

RST870 

872(0001] 

m 

FLSAFE 

87] [0010] 

TM 

SLCOFF 

871 [0020] 

T.M 

SLC2GEL 

871(8000] 

TM 

PSMAENA 

871(2000] 

ra 

NiMAK.SA 

871 [0200] 

TM 

DISISTC 

871(0400] 

TM 

ENAISTC 

871(0008) 

TM 

SEQON 

871(0001] 

TM 

IWOFF 
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872[000.4] 

TM 

LVDTOFF 

872  [2,000] 

TM 

DMTROFF 

872(0400] 

TM 

BFHTRDIS 

872(1000] 

TM 

BFHTRFNA 

872(0100] 

TM 

ENACSHTR 

872(0080] 

TM 

DISCSHTR 

827 

TM 

MCGOFF 

615 

TM 

PS20FF 

14.6.2.1.3  Mixed  Configuration  Sequences 

Mixed  configurations  are  comprised  of  any  combination  of  prime  (1)  and  redundant 
(2)  components.  Mixed  configurations  are  obtained  by  starting  with  the  prime  or 
redundant  configuration  and  selecting  the  desired  "other”  component.  The 
selections  are: 


COMPONENT 

PRIMARY  SELECTION 

REDUNDANT 

SELECTION 

Power  Supply 

631 

MUX20FF 

658 

MUXIOFF 

615 

PS20FF 

642 

PSIOFF 

632 

PSION 

605 

PS20N 

648 

MUX ION 

621 

KUX20N 

Command  Generators* 

827 

MCGOFF 

827 

MCGOFF 

726 

SELPACG 

760 

SELRACG 

762 

SCRISEL 

829 

SCR2SEL 

821 

SELPBCG 

843 

SELRBCG 

Scan  Mirror  Electronics 

823 

SMEOFF 

823 

SMEOFF 

748 

SEMISEL 

704 

SME2SEL 

Scan  Angle  Monitor* 

750 

SAMISEL 

881 

SAM2SEL 

Scan  Line  Corrector* 

871(0040] 

SLCISEL 

871(0020] 

SCC2SEL 

*Notes : 


1.  Since  the  primary  and  redundant  command  receive.'s  are  paired  to 
the  side  A and  B of  RIU  8 all  three  must  be  switched  as  must  the 
RIU. 

2.  SAM  1 and  2 are  interfaced  to  SMEl  and  2 respectively  (i.e.,  SAMI 
controls  SMEl  and  SAli2  controls  3ME2). 

3.  The  TH  must  be  on  to  execute  serial  magnitude  commands. 
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14.6.2.2  Operational  Sequences 

Operational  sequences  are  those  required  to  place  the  TM  in  an  oper.'iting  saode, 
14.6.2.2.1  Launch  Mode  Sequence 

In  the  LAUNCH  mode  the  TM  is  configured  primary,  is  off  and  disabled,  and  the 
cooler  door  electro-magnets  are  energized.  The  sequences  and  commands  required 
to  place  the  TM  in  the  LAUNCH  mode  are  listed  below. 


CMP  ^ 

S/S 

ACRONYM  OR  SEQUENCE 

- 

- 

PRIMARY  CONFIGURATION  SEQUENCE 

662 

PDU 

DISTM 

638 

PDU 

DSFSLINK 

645 

PDU 

TM190FF 

722 

TM 

DMAGON 

14.6.2.2.2  Primary  Turn  On  Sequence 

The  primary  IMAGE  mode  consists  of  the  TM  in  the  prime  configuration  and  in  the 
IMAGE  mode.  The  command  sequence  required  to  place  the  TM  in  the  primary  IMAGE 
mode  from  the  primary  STANDBY  mode  is  listed  below: 


CMP 

S/S 

ACRONYM 

632 

TM 

PSION 

16  second  delay 

645 

PDU 

TM190FF 

14.6.2.2.3 

Redundant  Turn  On  Sequence 

This  sequence  transitions 

the  TM  from  the 

redundant  STANDBY  mode  to 

redundant 

IMAGE  mode. 

The  redundant  IMAGE 

mode  consists  of  the  TM  conf igi 

redundantly 

and  on  in  the 

IMAGE  mode.  The  sequence  is  listed  below: 

CMD  ? 

S/S 

ACRONYM 

605 

TM 

PS20N 

16  second  delay 

645 

PDU 

TM190FF 

U-66 
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14.6.2.2.4  Standby  Sequence 


To  transition  from  the  IMAGE  mode 
required; 

to  the  STANDBY  mode 

the  following  sequence  is 

am  1 

S/S 

ACRONYM 

616 

PDU 

TM190N 

16  second  delay 

642 

TM 

PSIOFF 

615 

TM 

PS20FF 

14.6.2.2.5  Off  Sequence 

To  transition  from  the  IMAGE 
command  sequence  is  required. 

or  STANDBY  modes  to 

the  OFF  mode  the  following 

CMP 

S/S 

ACRONYM 

642 

TM 

PSIOFF 

615 

TH 

PS20FF 

645 

PDl! 

TM190FF 

14.6.2.3  Contingency  SaquenceB 

Contingency  sequences  are  used  to  change  operational  characteristics  and  causa 
performance  changes. 

14.6.2.3.1  Calibration  Lamp  Control  Sequences 

In  the  IMAGE  modes,  the  calibration  lamps  operate  in  the  automatic  sequencing 
mode.  In  this  mode,  the  radiance  output  of  each  lamp  is  actively  controlled  and 
the  lamp  is  turned  on  and  off  automatically  by  the  sequencer.  Two  contingency 
modes  are  available:  manual  sequence  and  constant  current.  If  the  sequencer 

fails,  the  lamps  can  be  operated  in  the  manual  sequence  mode.  The  following 
sequence  operates  the  lamps  in  approKimately  the  same  laanner  as  the  automatic 
sequencer . 


CMD  # 

S/S 

ACRONYM 

DELAY 

871{0004) 

TM 

SEQ  OFF 

10  seconds 

7 38 

TM 

LPIOFF 

— 

734 

TM 

LP20FF 

— 

714 

TM 

LP30FF 

— 

repeat  the  following  when  TM  is  ON: 
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CMP 

S/S 

ACRONTM 

DELAY 

708 

TM 

LPION 

3 seconds 

712 

TM 

LP20N 

3 seconds 

738 

TM 

LPIOFF 

3 seconds 

740 

TM 

LP30N 

3 seconds 

708 

TM 

LPION 

3 seconds 

73U 

TM 

LP20FF 

3 seconds 

7 38 

TM 

LPIOFF 

3 seconds 

714 

TM 

LP30FF 

3 seconds 

If  the  active  feedback  control  falls,  the  lamps  may  be  operated  In  the  override 
mode.  Since  the  sequencer  uses  the  radiance  controller  to  turn  lamps  off,  the 
lamps  must  be  sequenced  manually.  The  override  mode  command  sequence  is  listed 
below: 


CMP  £ 

S/S 

ACRONYM 

871(00041 

TM 

SEQOFF 

738 

TM 

LPIOFF 

734 

TM 

LP20FF 

714 

TM 

LP30F? 

Repeat  the  following  when  TM  is  ON: 


CMP 

S/S 

ACRONYM 

DELAY 

708 

TM 

LPION 

— 

809 

TM 

LPIORON 

3 seconds 

712 

TM 

LP20N 

— 

807 

TM 

LP20R0N 

3 seconds 

738 

TM 

LPIOFF 

3 seconds 

740 

TM 

LP30N 

— 

833 

TM 

LP30RON 

3 seconds 

708 

TM 

LPION 

— 

809 

TM 

LPIORON 

3 seconds 

734 

TM 

LP20FF 

3 seconds 

7 38 

TM 

LPIOFF 

3 seconds 

714 

TM 

LP30FF 

. 3 seconds 

14.6.2.3.2  CFPA  Temperature  Control  Sequences 

The  cold  focal  plane  assembly  can  be  controlled  at  one  of  three  selectable 
temperatures,  assuming  its  uncontrolled  temperature  is  sufficiently  cold.  If  the 
CFPA  heater  falls,  tlie  temperature  can  l>e  controlled  using  a backup  mode  of  the 
cold  stage  heater.  The  command  sequences  associated  with  CFPA  control  modes  are 
listed  below. 
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r.^ 

Q'MUTY 


The 

command 

sequence 

to 

select 

temperature 

control  point  T2  (95°  Kelvin)  is: 

CMD 

# 

S/S 

ACRONYM 

710 

TM 

CFPAOKTl 

805 

TM 

CFPA2SEL 

The 

command 

sequence 

to 

select 

temperature 

control 

point  T3  (105°  Kelvin)  is; 

CHD 

1 

S/S 

ACRONYM 

710 

TM 

CFPAONTl 

811 

TM 

CFPA3SEL 

The 

command 

sequence 

to 

select 

temperature 

control 

point  T1  (90°  Kelvin)  is; 

CMD  £ 

S/S 

ACRONYM 

710 

TM 

CFPAONTl 

The 

command 

sequence 

to 

select 

temperature 

BKinltor 

mode  is: 

CMD 

# 

S/S 

ACRONYM 

710 

TM 

CFPAONTl 

744 

TM 

CFPAOFF 

14.6.2.3.3  Blackbody  Temperature  Control 


The  band  6 calibration  blackbody  can  be  controlled  at  any  of  three  set  points. 
If  the  temperature  control  thermister  fails,  the  circuit  can  be  operated  in  the 
constant  power  mode.  The  command  sequences  associated  with  blackbody  cont.cl 
are  listed  below. 


The  sequence 


to  select  control  temperature  T1  (24°C) 


is; 


CMD  £ 

S/S 

ACRONYM 

746 

TM 

BBHTRDIS 

716 

TM 

BBHTRENA 

select  control 

temperature  T2  (30°C) 

is: 

CMD  # 

S/S 

ACRONYM 

746 

TM 

BBHTRDIS 

716 

TM 

BBHTRENA 

813 

TM 

BBT2SEL 
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The  sequence  required  to  select  control  temperature  T3  (35°C)  IsJ  j 


CMP  £ 

S/S 

ACRONYM 

746 

Tli 

BBHTRDIS 

716 

TM 

BBHTRENA 

835 

TM 

BBT3SEL 

The  sequence  required  to  select  the  constant  power  mode  Is: 


0RlGlt4AL 
OF  POOR 


CMP  # 

S/S 

ACRONYM 

716 

TM 

BBHTRENA 

8J7 

TM 

BBBKUPON 

li.6.2.3.'*  CFPA  Refocus  and  Re-Allgnment  Sequences 


The  cold  focal  plane  can  be  re-aligned  and  re-focused  relative  to  the  prime 
focal  plane  by  command.  Rr  alignment  and  re-focusing  are  accomplished  by  moving 
the  spherical  mirror  of  the  relay  lens  set.  The  spherical  mirror  can  be  tilted 
(alignment)  or  translated  (focus)  using  three  devices  called  Inchworms.  Each 
inchworm  can  be  extended  or  contracted  one  step  (”50  odcro  inches)  at  a time  the 
command  sequences  are: 


Inchworm  Move  Sequence  (Primary) 


CMP  £ 

S/S 

ACRONYM 

658 

TM 

MUXIOFF 

CMP  £ 

S/S 

ACRONYM 

DELAY 

726 

TM 

SELPACG 



621 

TM 

SELF BCG 

— 

872[U020] 

TM 

LVPTON 

10  seconds 

871[0002] 

TM 

IKON 

10  seconds 

870[0200] 

TM 

IWCYCLE 

10  seconds 

870[0000] 

TM 

RST870 

— 

* 

TM 

* 

16  seconds 

rapeat  for 

870[0000] 

TM 

RST870 

— 

required  # 

87l[OOOl] 

TH 

IWOFF 

10  seconds 

of  steps 

872(0004] 

TM 

LVDTOFF 

10  seconds 

827 

TH 

MCGOFF 

— 

648 

TM 

roxioN 

— 

Inchworm  Move  Sequence  (Redundant) 
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CMP  t 

S/S 

ACRONYM 

DRLAY 

631 

TM 

MUX201T 

760 

TM 

SE1.RAC0 

843 

TM 

.sKLRBa; 

— 

872(0020! 

TM 

LVDTON 

10  seconds 

871(0002] 

TM 

IWON 

10  aeconda 

870(0200] 

TM 

IWCVCUl 

— 

870(0000) 

TM 

RST870 

— 

* 

TM 

A 

repeat  f c 

870(0000) 

TM 

RST870 

— 

re<}ulred 

871(0001) 

TM 

IWOFF 

10  seconds 

of  steps 

872(0004) 

TM 

LVOTOEK 

10  seconds 

827 

TM 

MtXlOFK 

— 

6.)8 

TM 

MHX20N 

-- 

T.able  14.6-5 

for  appropriate  command 

Table  14.6-5. 

Inchworm  Comiiianda 

1 NCHWORM  MOTION 

CHP  # 

ACRONYM 

KXTK.NP  ^l 

870[03101 

IWIRXT 

KKTKNO  ^2 

870(0320) 

IW2RXT 

ESTKNO  #3 

870(0340) 

1W3RXT 

CONTUAOT  #l 

870(0240] 

IWICNT 

CONTRACT  #2 

870[02A0! 

IW2CNT 

CONTRACT  #3 

870(0200) 

IW3CNT 

t ve  Cooler  Thermal  Cootrol 


The  radiative  cooler  provides  (In  space)  the  operatlnt;  temperature  lor  the  cold 
focal  plane.  The  two  ataj^e  cooler  can  be  temperature  controlled  at  elevated 
t crape  r. a Cures  (>y  the  cold  8t.ase  .and  Intermediate  ataite  tcmpecaturo  coutroVlera. 
In  the  out^ite  mode  the  cooler  la  malnt.alncd  at  20'’’c.  The  cold  stage  tempcr.atuto 
controller  nay  also  be  uaod  aa  a backup  laothod  ot  controlling  the  CH’A 
temperature.  The  cororaand  atMiuencea  are: 


Outgaa  uKide  aiHjuonce; 


CMl)  # 

ACRONITI 

ma\v 

827 

MaUM-R 



a 

a 

rt 

A 

__ 

872(0100) 

ENACSUTR 

10  seconds 

87210200] 

KNACRUTR 

10  seconds 

871(0400) 

KNAISTX: 

10  seconds 

i.sn-w!’c-.'o  t 


1 - ; 1 
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871[0800] 

ISOUTENA 

10  seconds 

827 

MCGOFF 

«_ 

CMP  # 

ACRONYM 

DELAY 

827 

MCGOFF 

** 

** 

872(0080] 

DISCSHTR 

10  seconds 

872(0100] 

ENACSHTR 

10  seconds 

827 

MCGOFF 

— 

OFF  sequence: 


CMP  1 

ACRONYM 

DELAY 

827 

MCGOFF 

— 

* 

* 

— 

* 

* 

— 

871(0200] 

PISISTC 

10  seconds 

872(0080] 

DISCSHTR 

10  seconds 

872(8000] 

CSTGTMOF 

10  seconds 

827 

MCGOFF 

Telemetry  sequence: 


CMP  1 

ACRONYM 

DEL.'^Y 

827 

MCGOFF 

* 

A 

,1 

* 

A 

— 

871(0200] 

PISISTC 

10  seconds 

871(0400] 

ENAISTC 

10  seconds 

872(0100] 

ENACSHTR 

10  seconds 

872(0080] 

DISCSHTR 

10  seconds 

827 

MCGOFF 

— 

* Commands  726,  SELPACG,  and  821,  SELPBCG  or,  760,  SECRACG  and  343 
SELRBCG  dependent  upon  configuration  - Prime  or  Redundant 

**  821,  SELPBCG  if  configuration  is  Prime,  843,  SELRBCG,  if 

Redundant 
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14.6.2.3.6  Baffle  Temperature  Control  Sequences 

The  temperature  of  the  telescope  baffles  is  aa..ntalned  at  26°C.  The  baffle 
controller  has  two  active  operating  modes:  temperature  control  and  constant 
power.  The  command  sequences  associated  with  baffle  temperature  control  are: 


Temperature  control  mode  sequence; 


PRIMARY 

CMO  # ACRONYM 


REDUNDANT 

CMD  # ACRONYM 


827 

821 

872[040]* 

872[1000J* 

827 


KCGOFF 

SELPECG 

BFHTRDIS 

BFHTRENA 

MCGOFF 


827 

843 

872{0400] 

872(1000] 

827 


MCGOFF 

SELRBCG 

BFHTRDIS* 

BFHTRENA* 

MCGOFF 


Constant  power  mode; 


PRIMARY 

CMD  # ACRONYM 


REDUNDANT 

CMD  / ACRONYM 


827 

MCGOFF 

827 

821 

SELPBCG 

843 

372(1000]* 

BFHTRENA 

872(1000]* 

872(0800]* 

BFHTRBU 

872(0800]* 

827 

MCGOFF 

827 

MCGOFF 

SLLRBCG 

BFHTRENA 

BFHTRBU 

MCGOFF 


*10  second  delay  following  command 


14.6.2.3.7  Mid  Scan  Marker  Sequence 

A marker  can  be  inserted  in  the  data  at  the  point  of  mid-scan  by  command.  The 
marker  replaces  video  data  of  bands  1 through  5 and  7 and  consists  of  48  words 
of  white  (level  2S5)  followed  by  48  words  of  black  (level  0).  The  command 
sequences  required  for  mid-scan  markers  are. 


Mid-scan  on  sequence; 


CMD  # 


ACRONYM 


A 

870(0003] 


* 

MIDSCN 
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Mid-scan  off  sequence: 

CMP  # ACRONYM 

870[0000]  RST870 

* 762  SCRISEL  for  Primary  configuration,  829  SCR2SEL  for 

Redundant  configuration 


14.6.2.3.8  Scan  Mirror  Temperature  Control  Sequences 

The  scan  mirror  assembly  can  be  temperature  controlled  at  20°C  using  two  25  ohm 
heaters  and  the  SMA  temperature  controllers.  The  required  command  sequences 
are : 


SMA  Temperature  Control 

Enable ; 

CMD  # 

S/S 

ACRONYM 

DELAY 

601 

PDU 

ENSMAHTR 

— 

827 

TM« 

MCGOFF 

— 

* 

TM 

* 

— 

871 [8000] 

TH 

PSMAENA 

10  seconds 

87l[2000] 

TM 

NSKAENA 

10  seconds 

827 

TM 

MCGOFF 

SMA  Temperature  Control 

Disable : 

CMD  # 

S/S 

ACR0^^YM 

DELAY 

827 

TM 

MCGOFF 

— 

•k 

TM 

* 

— 

871 [4000] 

TM 

PSMADIS 

10  seconds 

871[1000] 

TM 

NSMAJIS 

10  seconds 

827 

TM 

MCGOFF 

— 

636 

PDU 

DSSMAHTR 

— 

* Cmd  726,  SELPACG,  if  configured  Prime  or  760,  SELRACG,  if  Redundant 
14.6.2.3.9  Shutter  Control  Sequences 

The  TM  la  equipped  with  a backup  shutter  which  will  provide  the  DC  restore 
function  of  the  calibration  shutter  but  not  the  calibration  function.  In  order 
to  use  the  backup  shutter,  the  cal  shutter  must  be  removed  from  the  optical 
path.  THIS  OPERATION  t.S  IRREVERSIBLE.  The  backup  shutter  can.  be  functionally 
tested  in  a reversible  manner. 
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Backup  Shutter  Teat  Sequence ; 


CMP  # 

839 

738 

714 

734 

746 

827 

871(0004]** 

827 

803 

Calibration  Shutter  Turn  On  Sequence: 

CMP  # 

839 

708 

712 

716 

740 

827** 

* 

871(0008] 

827 

706 

Backup  Shutter  Turn  On  Sequence; 


CMP  # 

ACRONYM 

839 

SHTROFF 

7 38 

LPIOFF 

734 

LP20FF 

714 

LP30FF 

746 

BBHTRDIS 

827 

MCGOFF 

* 

871(0004]* 

SEQOFF 

872(0008)** 

S Ft ENA 

871(0080]** 

Sn.ARM 

872(0002] 

SFS.FIRE 

ACRONYM 

SHTROFF 

LPIOFP 

LP30FF 

LP20FF 

8BHTRDIS 

MCGOFF 

* 

SEQOFF 

MCGOFF 

BUSHTRON 


ACRONYM 

SHTROFF 

LPION 

LP20N 

BBHTRRNA 

LP30N 

MCGOFF 

»!* 

SF.Q0N 

MCGOFF 

CSHTRON 


3 lalmste 
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872[00011** 

827 

803 


FLSAFE 

MCGOFF 

BUSHTRON 


* Cmd  726,  SELPACG,  If  configured  Prime  or  760,  SELRACG,  If 
Redundant 


e*  10  second  delay 

Cmd  821,  SELPB,  If  configured  Prime  or  843,  SELRBCG  If 
Redundant 


14.6.2.3.10  Door  Control  Sequences 

The  TM  radiative  cooler  door  can  be  ccnmanded  to  any  of  three  positions: 
closed,  outgas  (a  position  about  3®  from  closed),  and  open  (a  position  about  90 


from  closed).  If  the  door  latch 

(electro-magnet) 

is  energized,  it 

must  be  de- 

energized  to  permit  the  door  to  open.  In  the  event  of  a motor  ( 

or  motor  drive 

failure,  the  door  can  be  moved  to 

open  position  by 

activating  the 

door  fusible 

link.  The  door  command  sequences 

are : 

Door  Open  Sequence:  (moves  door 

1 position  in  the 

open  direction) 

CMD  1 

ACRONYM 

DE1.AY 

827 

MCGOFl 

* 

A 

, — 

AA 

— 

872[4000] 

DMT RON 

10  seconds 

870(0008] 

DOROPN 

15  seconds 

870(0000] 

RST870 

— 

kitk 

872(2000] 

DMTROFF 

10  seconds 

827 

MCGOFF 

Door  Close  Sequence: 

CMD  # 

ACRONYM 

DCIAT 

827 

MCGOFF 

— 

A 

AA 

— 

872(4000] 

DMTRON 

10  seconds 

87O(000C] 

DCRCLS 

15  seconds 

870(0000] 

RST870 

— 

872(2000] 

DMTROFF 

10  seconds 

827 

MCGOFF 

— 
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Emergency  Door  Open  Sequence; 


CMP  # 

ACROimi 

DELAY 

827 

MCGOFF 

— 

A 

A 

— 

irk'k'k 

AAAA 

— 

87210040] 

DFLENA 

10  seconds 

871(0100] 

DFLARM 

10  seconds 

872(0010] 

DFLFIRE 

3 minutes 

872(0001] 

FLSAFE 

10  seconds 

827 

MCGOFF 

* 821  SELPBCG,  If  in  Prime  configuration  or  843,  SELRBCG,  if 

Redundant 

**  762  SCRISEL  if  in  Prime  conf iguraiton  or  829  SCR2SEL  if 

Redundant 

***  repeat  if  desired  to  mode  to  next  open  or  closed  position 

****  726  SELPACG  if  in  Prime  configuration  or  760  SELRACG  if  in 

Redundant 

14.6.2.2.6  Inertial  Safehold  Sequence 

This  command  sequence  should  be  trausniltted  as  soon  as  coDanand  capability  is 
established  after  entering  the  Inertial  safehold  mode. 


CMP  ^ 

ACRONYM 

DEIJIY 

634 

ENATMA 

642 

PSIOFF 

— 

658 

MUXIOFF 

— 

839 

SHTROFF 

— 

823 

SMEOFF 

— 

A 

A 

— 

AA 

AA 

— 

872(4000] 

PSION 

DKr20H 

10  secondr 

870f0000] 

DORCLS 

15  8<»cciids 

870(0000] 

RST870 

— 

872(2000] 

PCTROFF 

10  seconds 

827 

Mcc  f:" 

— 

616 

TM190N 

— 

642 

PSIOFF 

— 
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* 762,  SCRISEL,  or  829,  SCR2SEL  based  upon  configuration  Prime  or 

Redundant 

**  821,  SEtPBCC,  or  843,  SELRBCG,  based  upon  Prime  or  Redundant  S/C 

configuration 

14.6.3  TM  COMMAND  CONSTRAINTS 

The  command  constraints  appear  in  Paragraph  14.4.2  but  are  repeated  here  for 
convenience. 

14.6.3.1  Discrete  to  Serial  Magnitude  Command  Timing 

A discrete  command  shall  not  be  directed  to  the  TM  within  32  mlliseconds  of  a 
serial  command  message  associated  with  serial  magnitude  command  871  or  872. 

14.6.3.2  Serial  Command  Message  Timing 

Serial  command  messages  associated  with  a unique  TM  serial  command  (871  or  872) 
shall  be  separated  by  a minimum  of  10  seconds. 

14.6.3.3  Serial  Content  Message  Command 

Serial  command  messages  associated  with  cominnads  871  and  872  shall  contain  no 
more  than  one  (1)  1 (one). 

14.6.3.4  Multiplexer  Operation 

The  multiplexer  shall  not  be  commanded  on  if  Inchworm  power  is  ON. 

14.6.3.5  Multiplexer  Turn-On 

The  multiplexer  turn  on  commands  (MUXION  or  MUX20N)  shall  not  be  executed  within 
20  milliseconds  of  issuing  a power  supply  on  command  (PSION  or  PS20N) . 

14.6.3.6  Inchworm  Operation 

The  inchworm  power  supply  shall  not  be  turned-on  (IWON)  if  the  multiplexer  if 
on. 
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14.6.3.7  Calibration  Shutter 

Once  the  calibration  shutter  Is  powered  off,  power  shall  not  be  resupplied  for 
at  least  60  seconds  to  allow  the  slow  start  capacitor  to  discharge. 

14.6.4  COMMAND  FUNCTIONAL  BLOCK  DIAGRAMS 

The  figures  refered  to  In  Paragraph  14.6.1  appear  on  the  following  pages: 
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Figure  14.6-'i.  Power  Supply  Control  . 
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TM  T05  (S6) 


Figure  14.6-4.  Scan  Mirror  Command  Control 


Figure  14,6-7.  Shutter  Fuse  Links  Control 
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Figure  14.6-8.  Cal  Lamp  Control 


Figure  14.6-9.  Calibration  Sequence  Control 
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Figure  14.6-11.  Blackbody  Temperature  Control 
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Figure  14.6-13.  Door  Latch  Control 
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Figure  14.6-15.  Door  Fusible  Link 
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Figure  14.6-20.  Intermediate  Stage  Temperature  Control 
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Figure  14.6-22 
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I Figure  14.6-23.  Baffle  'I’eirperature  Control 
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14.7  TM  TELEMETRY 

Operation  of  the  Thematic  Mapper  Is  monitored  by  70  conditioned  analog  telstaetry 
channels,  30  passive  analog  telemetry  channels  and  12  serial  digital  telemetry 
channals.  The  telemetry  monitors  are  listed  in  Table  14.7-1.  Telemetry  limits 
appear  in  Table  14.7-2.  Telemetry  derivation  circuits  appear  in  paragraph 
14.7.3. 


14.7.1  TM  ANALOG  TELEMETRY  MONITORS 

The  Thematic  Mapper  utilizes  100  analog  telemetry  channels  (70  conditioned  and 
30  passive).  The  telemetry  monitors  are  listed  by  user  identification  number  in 
Table  14.7-1,  and  operating  liniits  appear  in  Table  14.7-2.  Information 
regarding  calibration  curve  coefficients  for  the  telemetry  response  functions 
can  be  found  in  Appendix  A. 14. 

The  following  paragraphs  describe  the  telemetry  monitors. 

14.7.1.1  Power  Supply  #1  Input  Current  (TM-Ol) 

This  telemetry  function  monitors  the  input  current  to  Thematic  Mapper  power 
supply  number  1.  The  input  current  is  monitored  by  sensing  the  voltage  drop 
across  a resistor  in  the  Input  power  return  line.  The  telemetry  derivation 
circuit  appears  in  Figure  14.7-i. 
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14.7.1.2  Power  Supply  #2  Input  Current  (TM-02) 

This  telemetry  function  monitors  the  input  current  being  drawn  by  power  supply 
number  2.  The  telemetry  signal  is  derived  by  sensing  the  voltage  drop  across  a 
resistor  in  the  input  power  return  line  and  conditioning  it  to  match  the 
telemetry  range.  The  telemetry  derivation  circuit  appears  as  Figttre  14.7-1. 
Operating  limits  for  this  function  is  in  Table  14.7-2. 
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Table  14.7-2.  TM  Telemetry  Umlts 


User 

ID 

Acronym 

Mode 

Lower 

Limits 

Upper 

" ' 1 

E.U.  Units 

TM-01 

TMPSII 

PSl  ON 

1.0 

16.0 

AMPS 

TM-02 

TMPS2I 

PS2  ON 

1.0 

16.0 

AMPS 

TM-03 

TM19VP 

TM  ON 

17.0 

27.0 

TM-04 

TM19VN 

TM  ON 

-27.0 

-17.0 

TM-05 

TM8V 

7.5 

11.0 

VOLTS 

TM-06 

TM80V 

TM  ON 

79 

107 

VOLTS 

TM-07 

TM33V 

TM  ON 

30 

42 

VOLTS 

TM-08 

TMLMPS 

TM  ON 

N/A 

N/A 

COUNTS 

TM-09 

TM119VP 

TM  ON 

17.0 

27.0 

VOLTS 

TM-10 

TM119VN 

TM  ON 

-27.0 

-17.0 

VOLTS 

TM-11 

TM219VP 

TM  ON 

17.0 

27.0 

VOLTS 

TM-12 

TM219VN 

TM  ON 

-27.0 

-17.0 

VOLTS 

TM-13 

TM319VP 

TM  ON 

17.0 

27.0 

VOLTS 

TM-14 

TM319VN 

TM  ON 

-27.0 

-17.0 

VOLTS 

TM-15 

TM419VP 

TM  ON 

17.0 

27.0 

VOLTS 

TM-16 

TM419VN 

TM  ON 

-27.0 

-17.0 

VOLTS 

TM-17 

T1-I519VP 

TM  ON 

17  .0 

27.0 

VOLTS 

TM-18 

TH519VN 

TM  ON 

-27.0 

-17.0 

VOLTS 

TM-19 

TM619VP 

TM  ON 

17.0 

27.0 

VOLTS 

TM-20 

TM619VN 

TM  OK 

-27.0 

-17.0 

VOLTS 

TM-21 

TMI19VP 

TM  ON 

17.0 

27.0 

VOLTS 

TM-22 

TMI19VN 

TM  ON 

-27.0 

-17.0 

VOLTS 

TM-23 

TMVU9V 

TM  ON 

7.0 

9.0 

VOLTS 

TM-24 

TM17V 

PSl  ON 

6.0 

10.0 

VOLTS 

TM-25 

TM127VP 

PSl  ON 

26.0 

32.0 

VOLTS 

TM-26 

TM127VN 

PSl  ON 

-32.0 

-26.0 

VOLTS 

TM-27 

TM27V 

PS2  ON 

6.0 

10.0 

VOLTS 

TM-28 

TM227VP 

PS2  ON 

26.0 

32.0 

VOLTS 

TM-29 

TM227VN 

PS2  ON 

-32.0 

-26.0 

VOLTS 

TM-30 

TMUX30V 

MUX  ON 

29.0 

31.0 

VOLTS 

TM-31 

TMUXI 

MUX  ON 

3.9 

4.4 

AMPS 

TM~32 

TBITDEN 

MUX  ON 

0 

5 

)?  of  I's 

TM-33 

TMUX5VP 

MUX  ON 

4.7 

5.4 

VOLTS 

TM-34 

TMUX18V 

MUX  ON 

17.0 

19.0 

VOLTS 

TM-35 

TMUX3VN 

MUX  ON 

-2.2 

-1.9 

VOLTS 

TM-36 

TMUX5VN 

MUX  ON 

-5.7 

-5.0 

VOLTS 

TH-37 

T1-5UX13V'N 

MUX  ON 

-13.4 

-12.2 

VOLTS 

•R<-38 

TMIADVR 

MUX  ON 

1.977 

2.024 

VOLTS 

TM-39 

TM2ADVR 

MUX  ON 

1.977 

2.024 

VOLTS 

TM-40 

TM3ADVR 

MUX  ON 

1.977 

2.024 

VOLTS 
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Table  14.7-2.  TM  Telemetry  Limits 


User 

Limits 

ID 

Acronym 

Mode 

Lovjer 

Upper 

E.U.  Units 

TM-41 

TM4ADVR 

MUX  ON 

1.977 

2.024 

VOLTS 

TM-42 

TM5ADVR 

MUX  ON 

1.977 

2.024 

VOLTS 

TM-43 

TM7ADVR 

MUX  ON 

1.977 

2.024 

VOLTS 

TM-44 

TMSLCII 

SLC  1 ON 

-0.7 

+0.7 

AMPS 

TM-45 

TMSLC2I 

SLC  2 ON 

-0.7 

+0.7 

AMPS 

TM-46 

TSL115V 

SLC  1 ON 

-0.2 

+0.2 

DELTA 

VOLTS 

TM-47 

TSL15VP 

SLC  1 ON 

4.7 

5.4 

VOLTS 

TM-48 

TSL215V 

SLC  2 ON 

-0.2 

+0.2 

DELTA 

VOLTS 

TM-49 

TSL25VP 

SLC  2 ON 

4.7 

5.4 

VOLTS 

TM-50 

TMLMPII 

LMP  lA 
LMP  IBU 

0 

110 

mAMPS 

TM-51 

TMLMP2I 

LMP  2A 

0 

110 

mAMPS 

LMP  2BU 

0 

110 

TM-52 

TMU1P3I 

LMP  3 A 

0 

110 

mAMPS 

LMP  3BU 

0 

110 

1 

TM-53 

TBBHTRI 

BB  NORM 

0 

135 

mAmps  ;! 

TBBHTRIl 

70 

82 

i 

TM-54 

TBFHTRI 

0 

630 

j 

1 

TBFHTRIl 

BB  B/U 

180 

220 

mAiapa  1 

TM-55 

TCSHTRI 

CS  B/U 

0 

350 

mAmps 

TCSHTRIl 

CS  ENA 

0 

60 

TM-56 

TIWIPOS 

LVPT  ON 

■“ 

* 

MICRO  j 

INCHES  1 

TM-57 

TIW2POS 

LVDT  ON 

MICRO 

INCHES 

TM-58 

TIW3POS 

LVOT  ON 

— 

MICRO 

INCHES 

TM-59 

TBBT 

TLM  SCAL 
ON 

18 

50 

°C 

TM-60 

TSIFPT 

TLM  SCAjl 
ON 

10 

40 

°C 

TM-61 

TCALST 

DCR  ON 

0 

35 

°c 

TM-62 

TBUST 

DCR  ON 

0 

35 

°c 

TM-63 

TCSCT 

CS  HTR 
ENA 

85 

323 

TM-64 

TCSHT 

CS  HTR 
ENA 

85 

323 
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Table  14.7-2.  TM  Telemetry  Limits 


User 

ID 

Acronym 

Mode 

Lower 

Limits 

Upper 

E.U.  Units 

, TM-&5 

TISCT 

IS  HTR 
ENA 

121 

126 

°K 

; TM-66 

TISHT 

IS  HTR 
ENA 

126 

323 

“k 

1 TM-67 

TCFPACT 

CFPA  HTR 
ENA 

85 

105 

°K 

1 TM-68 

ICFPAHI 

CFPA  HTR 
ON 

0 

10 

mA 

' TM-69 

( 

1 

1 

TBFFT 

TLM  SCAL 
ON 

0 

35 

°C 

j 

TBAFFTl 

BAFF  HTR 
ON 

21 

31 

°C 

Tfl-70 

TCFPAKT 

CFPA  T189 

89 

91 

°K 

TCFPAKTl 

CFPA  T2 

94 

96 

°K 

TCFPAMT2 

CFPA  T3 

104" 

106 

: TM-71 

TAG PAT 

S/C  ON 

0 

35 

°C 

TM-72 

TCPAT 

S/C  ON 

-10 

40 

°c 

TM-73 

TROT 

S/C  ON 

0 

40 

°c 

1 TM-74 

TPST 

S/C  ON 

0 

50 

°c 

1 TM-75 

7BCPAT 

S/C  ON 

0 

50 

°c 

I TM-76 

l-MUXET 

S/C  ON 

0 

60 

°c 

j TM-77 

TMUXPST 

S/C  ON 

0 

60 

'^c 

: TM-78 

TLMPDCT 

S/C  ON 

0 

50 

°c 

TM-79 

TPMT 

S/C  ON 

5 

35 

‘^c 

TM-80 

TPMKT 

S/C  ON 

5 

35 

°c 

TM-81 

TSMT 

S/C  ON 

5 

35 

°c 

TM-82 

TSiW 

S/C  ON 

5 

35 

°c 

TM-83 

TAEPAT 

S/C  ON 

0 

55 

°c 

TM-84 

TTMT 

S/C  ON 

5 

35 

°c 

TM-85 

TTBPT 

S/C  ON 

5 

35 

°c 

TM-86 

TCALSHT 

S/C  OK 

0 

35 

°c 

TM-87 

TDWNSMT 

S/C  ON 

15 

35 

°c 

TM-88 

TUPSMT 

S/C  ON 

15 

35 

°c 

TM-89 

TSAMT 

S/C  ON 

5 

40 

°c 

TM-90 

TSMAET 

S/C  ON 

5 

40 

°c 

TM~91 

TFWDSMT 

S/C  ON 

15 

35 

0 ^ 

'n'i-92 

TAFTSMT 

S/C  ON 

15 

35 

°c 

TM-93 

TSST 

S/C  ON 

10 

22 

°c 

TM-94 

TSLCT 

S/C  ON 

5 

40 

®c 

TM-95 

TLMPFT 

S/C  ON 

0 

55 

°c 
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Table  14.7-2 » TM  Telemetry  Limits 


User 

ID 

Acronym 

Mode 

Lower 

Limits 

Upper 

E.U.  Units 

TM-96 

TCAST 

S/C  OH 

-10 

22 

°C 

TM-97 

TCDT 

S/C  ON 

-40 

- 

°c 

TM-98 

- 

- 

- 

- 

- 

TM-99 

- 

- 

- 

- 

- 

TM-100 

TRFNT 

S/C  ON 

-20 

25 

°c 
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14.7.1.3  +19V  High  Current 

Supply  Monitor  (TM-03) 

This  telemetry  function  monitors  the  voltage  of  the  +19  volt  radiometer  bus. 
This  bus  is  created  by  diode  or-ing  the  high  current  +19  volt  outputs  of  power 
supplies  1 and  2.  The  telemetry  signal  is  derived  from  a resistive  divider  as 

shown  in  Figure  14.7-2.  The 

+19  V radiometer  bus  powers  the  following  circuits: 

Board 

Circuit 

A1 

Scan  Line  Corrector  i?l 

A2 

Scan  Line  Corrector  #2 

A3 

Cal  Lamps  1,2  and  3 

A4 

Cold  Stage  Heater  Controller  * 

Blackbody  Heater  & Controller  * 

Cold  Focal  Plane  Assembly  Heater  & Controller  * 

A5 

DC  Restore  & Shutter  Temperature  Telemetry 
Intermediate  Stage  Heater  Controller 

A6 

Cal  Shutter  Logic 

A7 

Backup  Shutter  Logic 

A8 

Telemetry  Scaling  & Frame  D.C.  Restore 
Baffle  Heater  & Controller 

* Also  powered  in  standby  modes. 


The  +19  volt  high  current  supply  monitor  is  valid  if  power  supply  1 or  2 is  on 
and  should  be  within  limits  defined  in  Table  14.7-2. 


14.7.1.4  - 19V  High  Current  Supply  Monitor  (TM-04) 

( 

This  telemetry  function  monitors  the  voltage  of  the  -19  volt  radiometer  bus. 
The  -19  volt  bus  is  produced  by  diode  "or-ing"  the  -19  volt  high  current  outputs 
of  power  supplies  1 and  2.  The  telemetry  signal  is  derived  from  a resistive 
divider  and  conditioned  by  an  operational  amplifier  (see  Figure  14.7-3).  The 
-19  volt  radiometer  bus  provides  power  to  the  circuits  defined  in  the  proceeding 
paragraph.  The  -19  volt  high  current  telemetry  is  valid  if  power  supply  1 or  2 
is  on  and  should  be  within  the  limits  defined  in  Table  14.7-2. 


14.7.1.5  +8  Volt  Supply  Monitor  (TM-05) 

This  telemetry  function  monitors  the  voltage  of  the  +8  volt  bus.  The  bus  is 
created  by  diode  or-ing  the  +8  volt  outputs  of  power  supplies  1 and  2.  The 
telemetry  signal ^is  derived  using  a resistive  divider  as  shown  in  Figure  14.7-4. 
The  8 volt  supply  should  be  within  the  operating  limits  defined  in  Table  14.7-2 
when  either  power  supply  1 or  2 is  on.  The  +8  volt  bus  provides  logic  power  to 
the  circuits  listed  below. 
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! 

i 


Board  # 


Circuit 


A1 

A2 

A3 

A6 

A7 

A8 

A9 


Sean  Line  Corrector  I 
Scan  Line  Corrector  2 
Inchworm  Control 
Calibration  Shutter  Drive 
Back-up  Shutter  Driva 
Calibration  Lamp 
Cooler  Door  Drive 


14.7.1.6  +80  Volt  Heater  Supply  Monitor  (TM-C6) 

This  telemetry  function  monitors  the  voltage  of  the  +80  vole  heater  bus.  The 
heater  bus  is  created  by  diode  or— ing  the  +80  volt  outputs  of  power  supplies  1 
and  2.  The  telemetry  signal  is  derived  from  resistive  dividers  cn  the  comblnea 
bus  as  shown  in  Figure  14.7-i.  The  +80  volt  bus  should  be  within  the  limits 
defined  in  Table  14.7-2  if  either  power  supply  1 or  2 is  on.  The  +80  volt  heater 
bus  provides  power  to  the  cold  stage  outgas  heater  (board  A4)  and  the 
intermediate  stage  outgas  heater  (board  A5). 


14.7.1.7  +33  Volt  Shutter  Drive  Monitor  (TH-07) 


This  telemetry  function  monitors  the  voltage  of  the  +33v  shutter  drive  bus.  The 
shutter  drive  bus  is  created  by  diode  or-lng  the  +33  volt  outputs  of  power 
supplies  1 and  2.  The  telen’etry  signal  Is  derived  from  a resistive  divider  at 
the  combined  bus  as  shown  in  Figure  14.7-6.  The  +33  volt  bus  should  be  within 
the  limits  defined  In  Table  14.7-2  If  either  power  supply  1 or  2 is  on.  The  +33 
volt  bus  provides  power  to  the  following  circuits; 


Board  # 

Circuit 

A6 

Cal  Shutter  Drive 

A7 

Back-up  Shutter  Drive 

A9 

Cooler  Door  Motor  & Brake 

A14 

MDCG  Pulse  Generators 

14.7.1.8  All  Cal  Lamps  ON  Monitor  (TM-08) 

This  telemetry  function  monitors  the  status  of  the  calibration  lamp  sequencer. 
When  the  sequencer  is  in  the  all  lamps  on  state,  the  telemetry  value  approaches 
250  counts.  The  all  cal  lamps  on  telemetry  is  valid  when  the  calibration 
sequencer  is  on.  There  are  no  limits  associated  with  this  telemetry  functiv,n, 
however,  in  the  automatic  calibration  mode  this  function  should  be  "true" 
(le.  > 125  counts)  approximately  2.86  seconds  out  of  22.9  seconds.  The 

teleaetry  derivation  circuit  anpears  as  Figure  14.7-7. 
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14.7.1.9  Band  JL^  -fl9  Volt  Supply  Monitor  (TM-09) 

This  telemetry  function  monitors  the  voltage  of  the  band  1 -K9  volt  bus.  The 
band  1 +19  volt  bus  Is  created  by  diode  ”or--ing"  the  +19  volt  band  1 outputs  of 
power  supplies  1 and  2.  This  bus  provides  power  to  the  detectors,  pre-amps,  and 
post-amps  associated  wltli  band  1.  The  telemetry  signal  is  derived  from  a 
resistive  divider  between  the  +19  volt  bus  and  return  and  la  conditioned  by  an 
operational  amplifier  as  shown  In  Figure  14.7-8.  The  telemetry  signal  Is  valid 
when  Band  1 Is  on  and  should  be  within  the  limits  defined  In  Table  14.7-2. 

14.7.1.10  Band  _1  -19  volt  Supply  Monitor  (TM-10) 

This  telemetry  function  monitors  Che  voltage  of  the  band  1 -19  volt  bus.  The 
.land  1 -19  volt  bus  is  created  by  diode  "or-lng'*  the  -19  volt  band  1 outputs  of 
power  supplies  1 end  2.  This  bus  provides  power  to  the  detectors,  pre-amps  and 
post-amps  associated  with  band  1.  The  telemetry  signal  Is  derived  from  a 
resistive  divider  between  the  -19  volt  bus  and  return  and  Is  conditioned  by  an 
operational  amplifier  as  shown  in  Figure  14.7-9.  The  telemetry  signal  Is  valid 
when  band  1 Is  on  and  should  be  within  the  limits  defined  in  Table  14.7-2. 

14.7.1.11  Band  £ +19  volt  supply  monitor  ( TM-1 1 ) 

This  telemetry  function  monitors  the  voltage  of  Che  band  2 +19  volt  bus.  The 
band  2 +19  volt  bus  la  created  by  diode  "or-lug'*  the  +19  volt  band  2 outputs  of 
power  supplies  I and  2.  This  bus  provides  power  to  the  detectors,  pie-amps,  and 
post-amps  associated  wltii  band  2.  The  telemetry  signal  Is  derived  from  a 
resistive  divider  between  the  +19  volt  bus  and  return  and  Is  conditioned  by  an 
operational  amplifier  as  shown  In  Figure  14.7-8.  The  telemetry  signal  Is  valid 
when  band  2 Is  on  and  should  be  within  t'.  Imtls  defined  In  Table  14.7-2. 

1 4 . . 1 , 1 2 Band  2 -19  volt  Supply  Monitor  ( TM-1 2 ) 

This  telemetry  function  monitors  the  voltage  of  vhe  hand  2 -19  volt  bus.  The 
band  2 outputs  of  power  supplies  I and  2.  This  bus  provides  power  to  the 
detectors,  pre-amps,  and  post-amps  associated  with  band  2.  The  telemetry  signal 
Is  derived  from  a resistive  divider  between  the  -19  volt  bus  and  return  and  is 
conditioned  by  and  operational  amplifier  as  shown  in  Figure  14.7-9.  The 
telemetry  signal  Is  valid  when  band  2 Is  on  and  should  be  within  the  limits 
defined  In  Table  14.7-2. 

14.7.1.13  Band  3 +19  Volt  Supply  Monitor  (TM-1 3) 

This  telemetry  function  monitors  the  voltage  of  the  Kand  3 +19  volt  bus.  The 
band  3 +19  volt  bus  Is  created  by  diode  "ot-lng"  the  +19  volt  band  3 outputs  of 
power  supplies  1 and  2.  This  bus  provides  power  cu  Che  defectors,  ore-amps,  and 
post-amps  associated  with  hand  3.  The  telemetry  signal  Is  derived  from  a 
resistive  diviner  between  the  +19  volt  bus  and  return  and  is  conditioned  by  an 
operational  amplifier  as  shown  In  Figure  14.7-8.  The  telemetry  signal  Is  valid 
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when  band  3 is  on  and  should  be  within  the  limits  defined  in  Table  14.7-1. 

14.7.1.14  Band  3 -19  Volt  Supply  Monitor  (TH-I4) 

This  telemetry  function  monltora  the  voltage  of  the  band  3 -19  volt  bua.  The 

band  3 -19  volt  bus  is  created  by  diode  "or-ing"  the  -19  volt  band  3 outputs  of 
power  supplies  1 and  2.  This  bna  provides  power  to  the  datecto.'s,  pre-amps,  and 

post-amps  associated  with  band  3.  The  telemetry  signal  is  derived  from  a 

resistive  divider  between  the  -19  volt  bus  and  return  End  is  conditioned  by  an 
operational  amplifier  as  shown  in  Figure  14.7-8.  The  telemetry  signal  is  valid 
when  band  3 la  on  and  should  be  within  the  limits  defined  in  Table  14.7-1. 

14.7.1.15  Band  4 -H9  Volt  Supply  Monitor  (TM-1 5) 

This  telemetry  function  monitors  the  voltage  of  the  band  4 +19  volt  bus.  The 
band  4 +19  volt  bus  is  created  by  diode  "or-lng"  the  +19  volt  band  4 outputs  of 
power  supplies  1 and  2.  This  bus  provides  power  to  the  detectors,  pre-amps,  and 

post-amps  associated  with  band  4.  The  telemetry  signal  in  derived  from  band  4. 

The  telemetry  signal  is  derived  from  a resistive  divider  itween  the  +19  volt 
bus  and  return  and  Is  conditioned  by  an  operational  amplifier  as  shown  In  Figure 
14.7-8.  The  telemetry  signal  la  valid  when  band  4 is  on  *nd  should  be  within  the 
limits  defined  in  Table  14.7-2. 

14.7.1.16  Band  4 -19  Vol  t ^£g_l^,  ll<>nitor  (TM-16) 

This  telemetry  function  monitors  the  voltage  of  the  band  4-19  volt  bus.  The 
band  4 +19  volt  bus  Is  created  by  diode  "or-ing"  the  -19  volt  band  4 outputs  of 
power  supplies  1 and  2.  This  bus  provides  power  to  the  ^iSetectors,  pre-amps,  and 
post-amps  associated  with  band  4.  The  telemetry  signal  Is  derived  from  a 
resistive  divider  between  the  +19  volt  bus  and  return  autd  is  conditioned  by  an 
operational  amplifier  as  shown  in  Figure  14.7-8.  The  telemetry  signal  is  valid 
when  band  4 Is  on  and  should  be  within  the  limits  defined  in  Table  14.7-2. 

14.7.1.17  ■ Band  ^ +19  Vol t Supply  Monitor  (TM-1 7 ) 

This  telemetry  function  monitors  Che  voltage  of  the  band  5 -•19  volt  bus.  The 
biind  5 +19  volt  bus  is  created  by  diode  “or-lng"  the  +19  volt  'o.and  5 outputs  of 
power  supplies  I and  2.  This  supply  provides  power  to  cfeie  detectors  pre-amps , 
and  post-amps  associated  with  hand  S.  The  telemetry  signal  Is  derived  from  band 
5 and  7.  The  telemetry  signal  is  derived  from  a reslsilve  divider  between  the 
+19  volt  bus  and  return  and  la  conditioned  by  an  operational  amplifier  as  shown 
in  Figure  14.7-8.  The  telemetry  slgival  Is  valli  when  ba<si  5 Is  on  and  should  be 
within  the  limits  defl.ied  in  Table  14.7-2. 
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14.7.1.18  Band  5 -19  Volt  Supply  Mooltor  (TM-18) 

This  telemetry  function  monitors  the  voltage  of  the  band  5 ”19  volt  bus.  The 
band  5 +19  volt  bus  is  created  by  diode  "or-ing"  the  -19  volt  band  5 outputs  of 
power  supplies  1 and  2.  This  supply  provides  power  to  the  detectors,  pre-amps, 
and  post-amps  associated  with  band  5.  The  telemetry  signal  is  derived  from  band 
5 and  7.  The  telemetry  signal  la  derived  from  a resistive  divider  between  the 
+19  volt  bus  and  return  and  is  conditioned  by  an  operational  amplifier  as  shown 
in  Figure  14.7-8.  The  telemetry  signal  is  valid  when  band  5 is  on  and  should  be 
within  the  limits  defined  in  Table  14.7-2. 

14.7.1.19  Band  6 +19  Volt  Supply  Monitor  (TM-19) 

This  telemetry  function  monitors  the  voltage  of  the  band  6 +19  volt  bus.  The 
band  6 +19  volt  bus  is  created  by  diode  "or-ing"  the  +19  volt  band  4 outputs  of 
power  supplies  1 and  2.  This  supply  provides  power  to  the  detectors,  pre-amps, 
and  post-amps  associated  with  band  6.  +he  telemetry  signal  is  derived  from  band 
6.  The  telemetry  signal  is  derived  from  a resistive  divider  between  the  +19 
volt  bus  and  return  and  is  conditioned  bj’  an  operational  amplifier  as  shown  In 
Figure  14.7-8.  The  telemetry  signal  is  valid  when  band  6 is  on  and  should  be 
within  the  limits  defined  in  Table  14.7-2. 

14.7.1.20  Band  6 -19  Volt  Supply  Monitor  (TM-20) 

This  telemetry  function  monitors  the  voltage  of  the  band  6 +19  volt  bus.  The 
band  5 +19  volt  bus  is  created  by  diode  "or-ing"  the  +19  volt  band  4 outputs  of 
power  supplies  1 and  2.  This  supply  provides  power  to  the  detectors  pre-amps, 
and  post-amps  associated  with  band  6.  The  telemetry  signal  is  derived  from  band 
6.  The  telemetry  signal  is  derived  from  a resistive  divider  between  the  +19 
volt  bus  and  return  and  is  conditioned  by  an  operational  amplifier  as  shown  in 
Figure  14.7-8.  The  telemetry  signal  is  valid  when  band  6 is  on  and  should  be 
within  the  Halts  defined  in  Table  14.7-2. 

14.7.1.21  ISO  +19  Volt  Supply  Monitor  (TM-21) 

This  telemetry  function  monitors  the  voltage  of  the  Scan  Mirror  Assembly  +19 
volt  bus.  The  bus  is  created  by  diode  or-ing  the  +19  volt  SHA  output  of  power 
supplies  1 and  2.  The  SMA  +19  volt  bus  powers  the  SMA  heater  central  circuits. 
The  telemetry  signal  is  derived  u"tng  a resistor  divider  +19  volt  bus  and  its 
return  and  is  conditioned  by  an  operational  amplifier  as  shown  in  Figure 
14.7-8.  The  telemetry  signal  is  valid  whenever  the  SMA  heater  control  power 

is  on  and  should  be  within  the  limits  defined  in  Table  14.7-2.  The  telemetry 
response  curve  appears  as  Table  14.7.4-8. 
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14.7.1.22  ISO  -19  Volt  Supply  Monitor  (TM-22) 

This  telemetry  function  monitors  the  voltage  of  the  Scan  Mirror  Assembly  -19 
volt  bus.  The  bus  is  created  by  diode  or-ing  the  -19  volt  SMA  output  of  power 
supplies  1 and  2.  The  SMA  -19  volt  bus  powers  the  SKA  heater  central  circuits. 
The  telemetry  signal  is  derived  using  a resistor  divider  -19  volt  bus  and  its 
return  and  is  conditioned  by  an  operational  amplifier  as  shovm  in  Figure  14.7-8. 
The  telemetry  signal  Is  valid  whenever  the  SMA  heater  control  power  is  on  and 
should  be  within  the  limits  defined  in  Table  14.7-2. 

14.7.1.23  CDVD  +9  Volt  Monitor  (TM-23) 

This  telemetry  function  monitors  the  voltage  of  the  +9V  C3)VU  bus.  The  CDVU  bus 
is  created  by  diode  ”or-ing"  the  +9  volt  CD'^J  output  of  power  supplies  1 and  2 
mini-switchers.  This  bus  provides  power  t*.  the  serial  commend  receiver/decoder 
(AlO),  the  verification  register  unit  (All),  the  macro-discrete  command 
generator  (A14),  and  serial  digital  telemetry  sensing  circuits  (A22) . The 
telemetry  is  derived  from  a resistive  divider  at  the  +9  volt  bus  as  shown  in 
Figure  14.7-10.  The  CDVU  monitor  is  valid  if  either  power  supply  1 or  2 is  pa 
and  should  be  within  the  limits  defined  in  Table  14.7-2. 

14.7.1.24  Power  Supply  #1  SMA  +6.8V  Monitor  (TH-24) 

This  telemetry  function  monitors  the  voltage  of  the  +6.8V  Scan  Mirror  Assembly 
(SMA)  output  of  power  supply  1,  The  +6.8  volt  output  is  diode  "or-ed"  with  the 
+6.8  volt  output  of  power  supply  2 from  the  SM.\  6.8  volt  bus  which  provides 
power  to  the  scan  mirror  assembly.  The  telemetry  voltage  is  derived  from  a 
voltage  divider  across  the  output  of  6.8  volt  supply.  The  telemetry  function 
should  be  within  the  operating  range  if  power  supply  //I  is  ON.  The  telemetry 
derivation  circuit  appears  as  Figure  14.7-11  and  the  operating  limiting  appear 
in  Table  14.7-2. 

14.7.1.25  Power  Supply  #1  SMA  +27V  Monitor  (TM-25) 

This  telemetry  function  monitors  the  voltage  of  the  +Z7V  scan  Mirror  Assembly 
(SMA)  output  of  power  supply  S*l.  The  SKA  +27  volt  output  of  power  supply  ^1  is 
diode  "or-ed"  with  the  +27V  output  of  power  supply  2 to  form  the  SMA  +27V  bus 
which  provides  power  to  both  scan  mirror  electronics  and  scan  angle  monitors. 
The  telemetry  voltage  is  derived  by  a reisistive  divider  across  the  +27  volt 
bus.  Telemetry  voltage  should  be  within  the  operating  range  whenever  power 
supply  is  operating.  The  operating  limits  appear  in  Table  14.7-2. 

14 .7 .1 .26  Power  Supply  #1  SMA  -27V  Monitor  (TM-27) 

This  telemetry  function  monitors  the  -27  volt  Scan  Mirror  Assembly  (SHA)  output 
of  power  supply  #1.  The  -27  volt  output  of  powar  supply  1 Is  diode  or-ed  with 
that  of  power  supply  2 to  form  the  -27  volt  SMA  bus  which  provides  power  to  the 
scan  mirror  electronics  and  scan  angle  monitor  circuitry.  The  telemetry  voltage 
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la  derived  from  a voltage  divider  at  the  -27  volt  bus  and  conditioned  by  an 
amplifier  having  a gain  of  minus  one.  The  telemetry  derivation  circuit  appears 
as  Figure  14. 7-12.  Operating  limits  appear  In  Table  14.7-2.  This  telemetry 
function  should  be  within  the  operating  range  when  power  supply  ?1  is  on. 

14.7.1.27  Power  Supply  #2  SHA  6.8V  Monlto  (TM-27) 

This  telemetry  function  monitors  the  +6.8  volt  Scan  Mirror  Assembly  (SMA)  output 
of  power  supply  #2.  The  +6.8  volt  output  of  power  supply  2 is  diode  or-ed  with 
that  of  power  supply  1 to  form  the  SMA  +6.8  volt  bus  which  provides  power  to  the 
scan  mirror  electronics  and  scan  angle  monitor  circuitry.  The  telemetry  voltage 
Is  derived  from  a resistive  divider  on  the  +6.8  volt  bus.  This  telemetry 
derivation  circuit  appears  as  Figure  14.7-11.  The  operating  limits  are  listed 
in  Table  14.7-2.  The  telemetry  voltage  should  be  In  range  whenever  power  supply 
2 Is  on. 


14.7.1.28  Power  Supply  ifZ  SMA  +27V  Monitor  (TM-28) 

This  telemetry  function  monitors  the  +27  volt  SMA  output  of  power  supply  #2. 
The  +27V  SMA  output  of  power  supply  2 is  diode  or-ed  with  that  of  oower  supply  1 
to  form  the  SMA  +27V  bus  which  provides  power  to  the  scan  mirror  electronics  and 
scan  angle  monitor  circuitry.  The  telemetry  voltage  Is  derived  from  a resistive 
divider  at  the  +27  volt  bus.  The  telemetry  derivation  circuit  appears  as  Figure 

14.7- 12.  The  operating  limits  are  listed  in  Table  14.7-2.  This  function  should 
be  within  operating  limits  whenever  power  supply  #2  is  on. 

14.7.1.29  Power  Supply  if 2 SMA  -27V  Monitor  (TM-29) 

This  telemetry  function  monitors  the  -27  volt  Scan  Mirror  Assembly  (SMA)  output 
of  power  supply  #2.  The  -27V  output  of  power  supply  2 is  diode  or-ed  with  that 
of  power  supply  1 to  form  the  SMA  -27  volt  bus  which  provides  power  to  the  scan 
mirror  electronics  and  scan  angle  monitor  circuitry.  The  telemetry  voltage  is 
derived  (see  Figure  14.7-12)  from  a voltage  divider  at  the  -27  volt  bus  and 
conditioned  by  an  amplifier  (gain  “ -1).  The  telemetry  should  be  within  the 
operating  range  (see  Table  14.7-2)  when  power  supply  ff2  Is  on. 

14.7.1.30  Multiplexer  +30V  Monitor  (TM-30) 

This  telemetry  function  monitors  the  voltage  of  the  multiplexer  (MUX)  +30  volt 
bus.  The  bus  Is  formed  by  diode  “or-ing"  the  +30  volt  outputs  of  power  supplies 
1 and  2.  The  +30V  bus  provides  all  Input  power  to  the  mux  do  to  dc  converter. 
The  telemetry  signal  Is  derived  from  a resistive  divider  across  the  30  voit 
input  and  is  conditioned  by  several  stages  of  amplification,  as  shown  In  Figure 

14.7- 13.  Two  telemetry  derivation  circuits  are  provided  but  ,only  one  is 

utilized.  The  telemetry  signal  Is  valid  if  the  multiplexer  ir  on  power  supply 
1,  power  supply  2 or  both,  and  should  be  within  the  limits  defined  in  Table 

14.7- 2. 
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14.7.1.31  Multiplexer  Input  Current  Monitor  (TM-31) 

This  telemetry  function  monitors  currant  required  by  the  multiplexer  dc-dc 
converter.  The  telemetry  signal  is  derived  by  rectifying  Che  secondary  voltage 
of  a transfornser  whose  primary  is  in  series  with  Che  power  switches  of  the  diode 
converter  (see  Figure  14.7-14)  The  teleu^try  signal  Is  valid  when  the 

multiplexer  is  on  and  should  be  within  the  limits  defined  in  Table  14.7-2. 

14.7.1.32  Multiplexer  Bit  Density  (TM-32) 

This  telemetry  function  monitors  the  average  number  of  "ones"  per  word  occurring 
in  the  TM  data  output.  The  function  is  derived  as  shown  In  Figure  14.7-15. 
Basically,  Che  unencodad  data  output  of  the  formatter/multlplexer  drives  the 
switches  producing  unique  outputs  for  the  "1"  and  "0”  state.  The  filter  (~  2 
mllltsecond  time  constant)  tends  to  average  the  output.  The  telemetry  function 
is  valid,  and  should  be  within  Che  limits  defined  in  Table  14.7-2,  when  the 
multiplexer  la  on. 

14.7.1.33  Multiplexer  -hSV  Supply  Voltage  (TM-33)' 

The  Multiplexer  +5  Volt  telemetry  monitors  the  Analog  +5  volt  output  of  the 
multiplexer  dc  to  dc  converter.  The  +5V  Analog  bus  distributes  power  to  the 
band  I to  7 input  buffer  electronics.  The  Celeniel'.ry  voltage  Is  derived  from  a 
resistive  divider  at  the  analog  +5  volt  bus.  The  telemetry  function  should  be 
within  range  (see  Table  14.7-2)  when  the  multiplexer  is  on.  The  telemetry 
deri .atlon  circuit  appears  as  Figure  14.7-12. 

14.7.1.34  Multiplexer  -H8V  Supply  Voltage  (TM-34) 

This  telemetry  function  monitors  the  18.8  volt  output  of  the  multiplexer  dc  Co 
dc  converter.  The  +18  volt  bus  provides  power  to  the  Band  1 through  7 track  and 
hold  circuits,  the  analog  multiplexer,  and  Co  the  timing  and  telemetry  output 
buffers.  The  telemetry  signal  Is  derived  from  a voltage  divider  on  the  +18.8 

volt  bus.  The  scaled  voltage  from  the  divider  is  conditioned  by  a unity  gain 
amplifier.  The  derlation  circuit  appears  In  Figure  14.7.3-17.  The  telemetry 
function  should  be  within  limits  (see  Table  4.7-2)  when  the  multiplexer  Is  on. 

14.7.1.35  Multiplexer  -3V  Supply  Voltage  (TM-35) 

This  telemetry  function  monitors  the  -2.3  volt  output  of  the  multiplexer  dc  to 
dc  converter.  The  -2.3  volt  bus  is  distributed  to  all  tmiltlplexer  subassemblies 
except  Che  oscillator  (MX08)  and  powers  ECL  circuits.  The  telemetry  signal  is 
derived  from  Che  -2.3  volt  bus  using  an  amplifier  to  scale  the  voltage  and 
impedance  match  Che  RIU  input.  The  derivation  circuit  appears  In  Figure 

14.7- 18.  The  -2.3  volt  should  be  within  the  operating  Hates  defined  in  Table 

14.7- 2  when  the  multiplexer  is  on. 
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14.7.1.36  Multiplexer  -5V  Supply  Voltage  (TM-36) 

This  telfetaetry  function  monitors  the  "oltage  of  the  -5  volt  digital  output  of 
the  multiplexer  dc  Co  dc  converter.  The  -5V  volt  bus  powers  all  digital  logic 
in  the  multiplexer  and  is  distributed  to  every  subassembly.  The  telemetry 
voltage  is  derived  from  the  -5.2  volt  bus  and  is  scaled,  using  an  operational 
amplifier  to  be  compatible  with  the  RIU.  The  telemetry  derivation  circuit 
appears  in  Figure  14.7-19.  The  -5  volt  monitor  should  be  within  the  operating 
range  defined  in  Table  14.7-2  whenever  Che  multiplexer  is  on. 

14.7.1.37  Multiplexer  -15V  Supply  Voltage  (TM-37) 

This  telemetry  function  monitors  the  -13  volt  output  of  the  multiplexer  dc  to  dc 
converter.  The  -13  volt  bus  is  distributed  to  the  band  1 to  7 electronics  where 
it  provides  power  for  the  A/D  voltage  reference  circuit.  The  telemetry  voltage 
is  derived  from  the  -13  volt  bus  using  an  amplifier  to  scale  the  voltage  level 
and  Impedence  match  the  RIU.  The  telemetry  derivation  circuit  appears  in  Figure 

14.7- 20.  The  telemetry  monitor  should  be  within  the  limits  defined  in  Table 

14.7- 2  when  the  multiplexer  is  on. 

14.7.1.38  Band  1 A/D  Reference  Voltage  (TM-38) 

This  telemetry  monitors  the  output  of  the  Band  1 A/D  reference  voltage 
generator.  The  2 volt  output  is  used  as  the  comparison  voltage  for  A/D 
conversion  (225  counts  “ 2 volts).  The  telemetry  voltage  is  derived  by  sensing 
directly,  thru  current  limiting  resistors,  the  reference  voltage  bus.  The 
telemetry  derivation  circuit  appears  as  Figure  14.7-21.  The  reference  voltage  is 
derived  using  the  +5.2  volt  analog  and  —13  volt  outputs  of  the  multiplexer  dc  to 
dc  converter  and  hence  the  telemetry  monitor  should  be  within  operating  limits 
(see  Table  14.7-2)  when  the  multiplexer  is  on. 

14.7.1.39  Band  2 A/D  reference  Voltage  (TM-39) 

This  telemetry  monitors  the  output  of  the  Band  2 A/D  reference  voltage 
generator.  The  2 volt  output  is  used  as  the  comparison  voltage  for  A/D 
conversion  (225  counts  “ 2 volts).  The  telemetry  voltage  is  derived  by  sensing 
directly,  through  current  limiting  resistors,  the  reference  voltage  bus.  The 
telemetry  derivation  circuit  appears  as  Figure  14.7-21.  The  reference  voltage  is 
derived  using  the  +5.2  volt  analog  and  -13  volt  outputs  of  the  multiplexer  dc  to 
dc  converter  and  hence  the  telemetry  monitor  should  be  within  operating  limits 
(see  Table  14.7-2)  when  the  multiplexer  is  on. 

14.7.1.40  Band  3 A./D  Reference  Voltage  (TM-40) 

This  telemetry  monitors  the  output  of  the  Band  3 A/D  reference  voltage 
generator.  The  2 volt  output  Is  used  as  the  comparison  voltage  for  A/D 
conversion  (225  counts  2 volts).  The  telemetry  voltage  Is  derived  by  sensing 
directly,  through  current  limiting  resistors,  the  reference  voltage  bus.  The 
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telemetry  derivation  circuit  appears  as  Figure  14.7-2l.«  The  reference  voltage  is 
derived  using  the  +5.2  volt  analog  and  -13  volt  outputs  of  the  multiplexer  dc  to 
dc  converter  and  hence  the  telemetry  monitor  should  be  within  operating  limits 
(see  Table  14.7-2)  when  the  multiplexer  is  on. 

14.7.1.41  Band  ^ A/D  Reference  Voltage  (TM-41 ) 

This  telemetry  monitors  the  output  of  the  Band  4 A/D  reference  voltage 
generator.  The  2 volt  output  is  used  as  the  comparison  voltage  for  A/D 
conversion  (225  counts  “ 2 volts).  The  telemetry  voltage  is  derived  by  sensing 
directly,  through  current  limiting  resistors,  the  reference  voltage  bus.  The 
telemetry  derivation  circuit  appears  as  Figure  14.7-21.  The  reference  voltage  is 
derived  using  the  +5.2  volt  analog  and  -13  volt  outputs  of  the  multiplexer  dc  to 
dc  converter  and  hence  the  telemetry  monitor  should  be  within  operating  limits 
(see  Table  14.7-2)  when  the  multiplexer  is  on. 

14.7.1.42  Band  5 A/D  Reference  Voltage  (TM-42) 

This  telemetry  monitors  the  output  of  the  Band  5 A/D  reference  voltage 

generator.  The  2 volt  output  Is  used  as  the  comparison  voltage  for  A/D 

conversion  (225  counts  “ 2 volts).  The  telemetry  voltage  is  derived  by  sensing 
directly,  through  current  limiting  resistors,  the  reference  voltage  bus.  The 
telemetry  derivation  circuit  appears  as  Figure  14.7-21.  The  reference  voltage  is 
derived  using  the  +5.2  volt  analog  and  -13  volt  outputs  of  the  multiplexer  dc  to 
dc  converter  and  hence  the  telemetry  monitor  should  be  within  operating,  limits 
(see  Table  14.7-2)  when  the  aultlplexer  is  on.  The  Band  6 A/D  conversions  are 
performed  by  the  Band  5 A/D  converr»r. 

14.7.1.43  Band  7 A/D  Reference  Voltage  (TM-43) 

This  telemetry  monitors  the  output  of  the  Band  7 A/D  reference  voltage 

generator.  The  2 volt  output  is  used  as  the  comparison  voltage  for  A/D 

conversion  (225  counts  “ 2 volts).  The  telemetry  voltage  is  derived  by  sensing 
directly,  through  current  limiting  resistors,  the  reference  voltage  bus.  The 
telemetry  derivation  circuit  appears  as  Figure  14.7-21.  The  reference  voltage  is 
derived  using  the  +5.2  volt  analog  and  -13  volt  outputs  of  the  multiplexer  dc  to 
dc  converter  and  hence  the  telemetry  monitor  should  be  within  operating  limits 
(see  Table  14.7-2)  when  the  multiplexer  is  on. 

14.7.1.44  SLC  2,  Drive  Current  (TM-44) 

This  telemetry  function  monitors  the  current  in  the  Scan  Line  Corrector  (SLC) 
motor  return  to  SLC  III  electronics.  The  telemetry  is  derived  by  sensing  the 
voltage  drop  across  a 1 ohm  resistor  in  the  motor  return  line.  The  voltage  drop 
is  scaled  and  offset  by  a operational  amplifier.  The  telemetry  derivation 
circuit  appears  as  Figure  14.7-22.  The  SLC  #1  current  should  be  withir  Its 
operating  range  (see  Table  14.7-2)  when  scan  line  corrector  1 is  on. 
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14.7.1.45  SLC  2 Drive  Current  (H.  45) 

This  celeaecry  function  monitors  the  current  in  the  Scan  Line  Corrector  (SLC) 
motor  return  to  SLC  If2  electronics.  The  telemetry  is  derived  by  sensing  the 
voltage  drop  across  a 1 ohm  resistor  In  the  too tor  return  line.  The  voltage  drop 
Is  scaled  and  offset  by  an  operational  amplifier.  The  telemetry  derivation 
circuit  appears  as  Figure  14.7-22.  The  SLC  #2  current  should  be  within  its 
operating  range  (see  Table  14.7-2)  when  scan  line  corrector  2 is  on. 

14 .7  .1 .46  ^ n -H5V  Volt  Monitor  (ra-46) 

This  telemetry  function  monitors  the  combined  deviation  of  the  plus  and  minus  15 
volt  signal  buses  associated  with  scan  line  corrector  (SLC)  electronics  tfl . The 
telemetry  signal  is  derived  from  a resistive  divider  from  Che  plus  to  minus  15 
volt  signal  bus  as  shown  in  Figure  14.7-22.  A change  in  telemetry  voltage 
Indicates  a change  in  either  the  +15  or  -15  volt  buses  or  both.  The  telemetry 
signal  is  always  valid  and  should  be  within  the  limits  defined  in  Table  14.7-2 
when  SLC  if  I is  ON. 

14.7.1.47  SLC  gl  +5  Volt  Monitor  Cra-47) 

This  telemetry  function  monitors  the  scan  line  corrector  (SLC)  ffl  +5  volt  bus. 
The  +5  volt  bus  is  derived  from  the  TM  +8  volt  bus.  The  telemetry  signal  is 
derived  from  a resistive  divider  as  shown  in  Figure  14.7-24.  The  telemetry 
signal  is  always  valid  and  should  be  within  the  operating  limits  defined  In 
Table  14.7-2  when  SLC  ifl  is  ON. 

147.1.48  SLC  n +15V  Volt  Monitor  (TH-48) 

This  telemetry  function  monitors  the  combined  deviation  of  the  plus  and  minus  15 
volt  signal  buses  associated  with  scan  line  corrector  (SLC)  electronics  if2.  The 
telemetry  signal  is  derived  from  a resistive  divider  from  the  plus  to  minus  15 
volt  signal  bus  as  shown  in  Figure  14.7-23.  A change  in  telemetry  voltage 
indicates  a change  in  either  the  +15  or  -15  volt  buses  or  both.  Thu  telemetry 
signal  is  always  valid  and  should  be  within  the  limits  defined  in  Table  14.7-2 
when  SLC  #2  is  ON, 

14.7.1.49  SLC  il2  +5V  Volt  Monitor  (TM-49) 

This  telemetry  function  monitors  the  scan  line  corrector  (SLC)  ffZ  +5  volt  bus. 
The  +5  volt  bus  is  derived  from  the  TM  +8  volt  bus.  The  telemetry  signal  Is 
derived  from  a resistive  divider  as  shown  In  Figure  14.7-24.  The  telemetry 
signal  is  always  valid  and  should  be  within  the  operating  limits  defined  in 
Table  14.7-2  when  SLC  #2  is  ON. 
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14.7.1.50  Calibration  Lamp  1 Current  Monitor  (TH-50) 

This  telemetry  function  monitors  the  current  flowing  In  the  calibration  lamp 
return  circuit.  Each  calibration  lamp  can  operate  in  a normal  or  backup  mode. 
In  the  nornsal  mode,  the  lamp  la  oh  unless  turned  off  by  the  sequencer  and  It 
output  Is  controlled  by  a light  sensitive  diode  in  the  feedback  loop.  In  the 
back-up  mode,  the  lamp  is  controlled  by  command  and  Its  output  is  not  actively 
controlled.  The  telemetry  voltage  Is  derived  from  a resistor  In  the  lamp  return 
path.  The  voltage  Is  scaled  by  resistive  divider  and  the  output  Is  protected  by 
back-to-back  current  limiting  diodes.  The  telemetry  derivation  circuit  apjsears 
as  Figure  14.7-25.  The  calibration  lamp  has  several  operating  modes.  The  limits 
for  those  modes  appears  In  Table  14.7-2. 

14.7.1.51  Calibration  Lamp  2 Current  Monitor  (TM-51 ) 

This  telemetry  function  monitors  the  current  flowii\g  in  the  calibration  lamp 
return  circuit.  Each  calibration  lamp  can  operate  In  a normal  or  backup  mode. 
In  the  normal  mode,  the  lamp  Is  on  unless  turned  off  by  the  sequencer  and  its 
output  is  controlled  by  a light  sensitive  diode  In  the  feed  back  loop.  In  the 
back-up  mode,  the  lamp  Is  controlled  by  command  and  Its  output  Is  not  actively 
controlled.  The  telemetry  voltage  is  derived  from  a resistor  In  the  lamp  return 
path.  The  voltage  la  scaled  by  resistive  divider  and  the  output  is  protected 
back-to-back  current  limiting  diodes.  The  telemetry  derivation  circuit  appears 
38  Figure  14.7-25.  The  calibration  lamp  has  several  operating  inodes.  The  limits 
for  those  modes  appears  In  Table  14.7-2. 

14.7.1.52  Cal Ibrat Ion  Lamp  3 Current  Monitor  (TH-52) 

This  telemetry  function  monitors  the  current  flowing  In  the  calibration  lamp 
return  circuit.  Each  calibration  lamp  can  operate  In  a normal  or  backup  mode. 
In  the  nornuil  mode,  the  lamp  Is  on  unless  turned  off  by  the  sequencer  and  Its 
output  Is  controlled  by  a light  sensitive  diode  in  the  feed  back  loop.  In  the 
back-up  mode,  the  lamp  Is  controlled  by  command  and  its  output  is  not  actively 
controlled.  The  telemetry  voltage  Is  derived  from  a resistor  In  the  lamp  return 
path.  The  voltage  Is  scaled  by  resistive  divider  and  the  output  Is  protected 
back-to-back  current  limiting  diodes.  The  telemetry  derivation  circuit  appears 
as  Figure  14.7-25.  The  calibration  lamp  has  several  operating  modes.  The  limits 
for  those  modes  appears  in  Table  14.7-2. 

14.7.1.53  Blackbody  Heater  Current  Monitor  (TM-53) 

This  telemetry  function  monitors  the  current  drawn  by  the  Internal  calibration 
blackbody  heater.  The  blackbody  is  a conical  cavity  which  is  controlled  at  one 
of  three  selectable  temperatures.  This  control  Is  obtained  by.  using  a 
thermistor  as  the  feedhjjck  element.  The  thermistor  derived  voltage  Is  compared 
against  one  of  three  set  point  voltages  and  the  difference  voltage  used  to 
control  the  current  thro\igh  the  75  ohm  resistive  heater.  In  the  normal 
operating  mode  the  heater  power  is  proportional  to  the  temperature  difference. 
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In  the  backup  mode  constant  voltage  la  applied  to  the  heater. 

The  telemetry  voltage  Is  derived  from  a resistor  in  the  heater  return  path.  The 
voltage  drop  is  scaled  by  an  operational  amplifier.  The  telemetry  circuit  is 
protected  by  back-to-back  current  limiting  diodes.  The  telemetry  derivation 
circuit  appears  in  Figure  14.7-26-  The  operating  current  limits  are  mode 
dependent  and  appear  in  Table  14.7-2. 

14.7.1.54  Baffle  Heater  Current  Monitor  (TM-54) 

This  telemetry  function  monitors  the  current  flowing  in  the  baffle  heater.  The 
heater  is  a thermostatically  controlled  36  ohm  resistive  heater  located  on  the 
central  baffle  of  the  telescope.  The  heater  has  two  modes  of  operation  when 
enabled.  In  the  normal  mode,  the  baffle  temperature  is  monitored  by  a 
thermistor  whose  voltage  is  compared  to  a preset  value  equivalent  to  26.6®C.  If 
the  temperature  is  less  than  the  set  point,  the  comparator  "turns  on"  the 
heater.  In  the  back-up  mode  the  heater  is  continually  powered  at  about  1.4 
watts.  Baffle  heater  current  telemetry  is  derived  from  a resistor  in  the  heater 
return  line.  The  voltage  drop  across  the  resistor  is  scaled  by  a operational 
amplifier.  The  telemtrry  output  is  protected  by  back-to-back  current  limiting 
diodes.  The  telemetry  derivation  circuit  appears  in  Figure  14.7-27.  The  heater 
current  should  be  within  the  modally  determined  limits  defined  in  Table  14.7-2. 
The  baffle  heater  current  oonlttr  is  valid  when  the  baffle  heater  control  is  on. 

14.7.1.55  Cold  Stage  Heater  Current  Monitor  ( TM-5 5 ) 

This  telemetry  function  monitors  the  current  flowing  in  the  Cold  Stage  Heater. 
The  heater  has  three  operational  modes:  OFF,  BACKUP,  and  OUTGAS.  When  the 

outgas  heater  is  OFF,  no  current  flows  in  the  heater.  In  the  OUTGAS  mode  the 
heater  is  powered  from  the  80  volt  bus  and  the  cold  stage  temperature  is 
controlled  at  approximately  20°C.  In  the  BACK  UP  mode  the  heater  is  powered  by 
15  volts  which  is  derived  from  the  +19  volt  bus  and  the  cold  stage  temperature 
Is  controlled  at  105°  Kelvin.  The  telemetry  signal  is  derived  by  sensing  the 
voltage  drop  across  a resistor  in  the  heater  return  line.  The  voltage  Is  scaled 
as  shown  in  Figure  14.7-28  to  be  compatible  with  the  telemetry  system.  The 
current  telemetry  is  valid  when  the  controller  is  in  the  OUTGAS  or  BACKUP  mode 
and  should  be  within  the  limits  defined  in  Table  14.7-2. 

14.7.1.56  Inchworm  ^1  Position  Monitor  (TM-56) 

This  telemetry  function  monitors  the  position  of  inchworm  #1.  Three 

s>T!ime trical ly  located  Inchworms  control  the  position  of  the  spherical  element  of 
the  relay  optics  (l.e.,  the  focus  and  alignment  of  the  cold  focal  plan  to  the 
prltaary  focal  plane).  Three  Linear  Variable  Differential  Transforffiers  (l.VDT's) 
monitor  the  relative  positions  of  the  inchworms.  The  telemetry  signal  is 
derived  using  an  LVBT  and  conditioning  its  output  as  shown  in  Figure  14.7-29. 
The  telemetry  signal  Is  valid  when  the  LVDT's  are  ON'.  The  inchworms  should 
remain  In  position  unless  commanded  to  move. 
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14.7.1.57  Itichworm  #2  Position  Monitor  (TM-57) 

This  teleasatry  function  monitors  the  position  of  inchworm  #2.  Three 

syaiKitrically  xocated  inchworms  control  the  position  of  the  spherical  element  of 
the  relay  optica  (i.e.,  the  focus  and  alignment  of  Che  cold  focal  plane  Co  the 
primary  focal  plane).  Three  Linear  Variable  Differential  Transformers  (LVDT'a) 
monitor  the  relative  positions  of  Che  Inchworms.  The  telemetry  signal  is 

derived  using  an  LVDT  and  conditioning  its  output  as  shown  in  Figure  14.7-29. 
The  telemetry  signal  is  valid  when  the  LVDT's  are  ON.  The  inchworms  should 

remain  in  position  unless  commanded  to  move. 

14.7.1.58  Inchworm  #3  Position  Monitor  (TM-58) 

This  telemetry  function  monitors  the  position  of  inchworm  #3.  Three 

nymsaetrically  located  inchworms  control  Che  position  of  the  spherical  element  of 
the  relay  optics  (i.e.,  the  focus  and  alignment  of  the  cold  focal  plane  to  the 
primary  focal  nlane).  Three  Linear  Variable  Differential  Transformers  (LVDT's) 
monitor  the  relative  positions  of  the  inchworms.  The  telemetry  signal  is 

derived  using  an  LVDT  and  conditioning  its  output  as  shown  in  Figure  14.7-29. 
The  telemetry  signal  is  valid  when  the  LVDT'a  are  ON.  The  inchworms  should 

remain  in  position  unless  commanded  to  move. 

14.7.1.59  Blackbody  temperature  Monitor  (TM-59) 

This  function  monitors  the  temperature  of  the  Band  6 calibration  blackbody.  The 
telemetry  is  derived  from  a thermistor  mounted  on  the  blackbody.  The  thermistor 
is  used  in  a voltage  divider  as  shown  in  Figure  14.7-30.  The  divider  output  is 
scaled  by  an  operational  amplifier.  The  temperature  of  the  blackbody  is 

controlled  at  one  of  three  set  points  (24°,  30°,  or  35°C).  The  telemetry  monitor 
is  valid  when  the  Telemetry  scaling  circuit  is  on  and  should  be  within  the 

limits  defined  in  Table  14.7-2. 

14.7.1.60  Silicon  Focal  Plane  Temperature  Monitor  (TM-60) 

This  telemetry  function  monitors  the  temperature  of  the  prime  focal  plane.  The 
64  detectors  of  bands  1 through  4 are  mounted  to  this  focal  plane.  The 

temperature  telemetry  is  derived  from  a thermistor  located  on  the  band  3 even- 
channel  pre-amp  assembly.  The  thermistor  Is  used  in  a voltage  divider  circuit 
and  scaled  using  an  operational  amplifier  as  shown  in  Figure  14.2-31.  The 

Silicon  Focal  Plane  temperature  telemetry  Is  valid  when  the  Telemetry  Scaling 

Circuits  are  on,  and  should  be  within  the  limit  shown  in  Table  14.7-2. 

14.7.1.61  Calibration  Shutter  Temperature  Monlter  (TM-61) 

This  telemetry  function  monitors  the  temperature  of  the  calibration  shutter. 
The  celeasetry  is  derived  from  a thermistor  located  on  the  calibration  shutter 
vane,  this  thermistor  is  also  used  to  generate  the  band  6 dc  restore  reference 
signal.  The  thermistor  is  utilized  in  a voltage  divider  as  shown  in  Figure 
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lA.7-32.  The  output  of  the  divider  is  offset  and  scaled  by  an  operational 
amplifier.  The  telemetry  output  is  valid  when  the  dc  restore  circuitry  is 
powered,  and  the  output  should  be  within  the  onerating  limits  defined  in  Table 
14.7-2. 

16.7.2.1.62  Back-up  Shutter  Temperature  Monitor  (TM-62) 

This  telemetry  function  monitors  the  temperature  of  the  back-up  shutter  flag. 
The  flag  is  "viewed”  by  the  detectors  during  dc  restore,  and  hence  its 
temperature  determines  the  dc  restore  level  for  band  6.  The  shutter  temperature 
telemetry  is  derived  from  a thermistor  mounted  on  the  back-up  shutter  flag.  The 
thermistor  is  used  in  a voltage  divider  as  shown  in  Figure  14.7-32.  The  divider 
output  is  scaled  by  an  operational  amplifier.  The  shutter  temperature  telemetry 
is  valid  when  dc  restore  is  on  and  should  be  within  the  operating  limits  defined 
in  Table  14.7-2. 

14.7.3.63  Cold  Stage  Temperature  A Monitor  (TM-63) 

This  telemetry  function  monitors  the  temperature  of  the  inner  or  cold  stage  of 
the  radiative  cooler.  Since  the  cooler  operates  over  a wide  temperature  range, 
two  telemetry  monitors  are  provided.  The  cold  stage  temperature  monitor  A 
(cold)  provides  increased  resolution  over  the  range  75°  Kelvin  to  125°  Kelvin. 
Temperature  tolematry  la  derived  using  a Platinum  Resistance  Thermometer  (PRT) 
in  a voltage  divider  configuration.  The  PRT  is  used  as  the  sensing  element  fcr 
the  cold  stage  temperature  control  loop  in  addition  to  both  temperature 
monitors.  The  voltage  divider  output  Is  scaled  by  an  operational  amplifier  as 
shown  in  Figure  14.7-33.  The  cold  stage  temperatures  are  valid  when  the  cold 
stage  heater  is  enabled  and  should  be  within  the  operating  range  shown  in  Table 
14.7-2. 


14.7.1.64  Cold  Stage  Temperature  B Monitor  (TM-64) 

This  telemetry  function  monitors  tlie  temperature  of  the  inner  (cold)  stage  of 
the  radiative  cooler.  Since  the  cooler  operates  over  a large  temperature  range, 
two  telemetry  functions  are  utilized  to  provide  the  required  resolution  and 
range.  A single  Platinum  Resistance  Thermometer  (PRT)  is  used  as  the 
temperature  sensing  element  for  thermal  control  of  the  cold  stage  as  well  as  the 
two  temperature  telemetry  monitors.  The  telemetry  for  the  cold  stage 
temperature  B (where  B is  derived  using  a PRT,  in  a voltage  divider.  The 
divider  output  is  scaled  to  accommodate  the  full  temperature  range.  The 
telemetry  derivation  circuit  appears  as  Figure  14.7-33.  The  monitor  ! ’alld 
when  the  cold  stage  heater  is  enabled  and  should  be  within  the  range  de,  in 
Table  14.7-2. 
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14.7.1.65  Intenaedlate  Stags  Temperature  A Monitor  (TM-65) 

This  telemetry  function  monitors  the  temperature  of  the  inteniadiate  stage  of 
the  radiative  cooler.  Since  a wide  temperature  range  is  required  two 
temperature  monitors  are  provided.  Monitor  A,  which  monitors  the  low  temperature 
range  (125  to  170*^K)  with  incresRed  resolution  and  Bonltor  B which  monitors  the 
entire  range  (100  to  320°K)  but  has  little  resolution.  The  telecietry  voltage  ia 
derived  from  a Platinum  Resistance  Thermometer  (PRT)  used  in  a voltage  divider 
as  shown  in  Figure  14.7.3-34.  The  divider  output  Is  scaled  by  an  operational 
amplifier.  Since  the  +12  volt  power  required  by  this  monitor  is  provided  when 
the  intermediate  stage  heater  is  enabled,  the  telemetry  is  valid  only  when  that 
heater  is  enabled.  The  operating  limits  are  provided  In  Table  14.7-2. 

14.7.1.66  Inte-"..ediate  Stags  Temperature  B Moritor  (TM-65) 

This  telemetry  .’.inctlon  monitors  the  temperature  of  the  intermediate  stage  cf 
the  radiative  cooler.  Since  a wide  temperature  range  is  required,  two 
temperature  mMonitors  are  provided:  onitor  A,  which  monitors  the  low 
temperature  range  (125*^  to  170‘^K)  with  increased  resolution;  and  monitor  E, 
which  monitors  the  entire  range  (100  to  320°K)  but  has  little  resolution.  I'he 
telemetry  voltage  is  derived  from  a Platinum  Resistance  Theiiaos^eter  (PRT)  used 
in  a voltage  divider  as  shown  in  Figure  14. '’-34.  The  divider  output  is  scaled 
by  an  operational  amplifier.  Since  the  +12  volt  power  required  by  this  monitor 
is  provided  when  the  incermedlate  stage  heater  is  enabled,  the  telemetry  is 
valid  only  when  that  heater  Is  >»ne.bled.  The  operations  limits  are  provided  in 
Table  14.7-2. 

14.7.1.67  CFPA  Control  Temperature  Monitor  (TM-6/) 

This  telemetry  function  monitors  the  temperature  of  th<  Cold  Focal  Pl..ne 
Assembly  (CFPA).  This  is  one  of  two  monJ tors  performing  this  function.  The 
telemetry  voltage  Is  derive^  from  the  sensing  eleioent  used  to  control  the  CFPA 
temperature.  ihe  sensing  element  is  a silicon  diode  mounted  on  the  cold  focal 
plane.  The  diode  Is  utilized  as  the  fee' batk  element.  The  telemetry  derlatloa 
circuit  appears  as  Figure  14.7-35.  The  telemetry  deviation  circutry  is  powereu 
by  the  +15  volt  regulators  associated  with  CFPA  heater  enable  and  hence  th' 
telemetry  Is  valid  when  the  CFPA  heater  is  enabled.  The  CFPA  temperature  should 
be  within  the  limits  defined  in  Table  14.7-2  if  the  radiative  cooler  is  at 
operating  temperature. 

14.7.1.68  Cold  Focal  Plane  Assembly  Heater  C irrent  .Toni  to’~  (TM-6 8 / 

This  telemetry  function  monitors  the  current  flowing  'n  the  Cold  Fo -al  Plane 
Assembly  (CFPA)  hea”er  The  i FFA  heater  is  a 35CO  oh.T!  deposited  heater  located 
on  the  back  side  of  the  CFPA  substrate.  T'.c  telemetry  voltage  is  derived  1 m 
the  voltage  diop  across  the  CFPA  heater  element,  and  conditioned  by  an 
operational  amplifier.  The  telemetry  derivation  circuit  and  response  furctlon 
appears  in  Figure  14.7-36.  Th'_  CFPA  heater  current  telemetry  is  valid  when  the 
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heater  controller  Is  on  and  should  be  within  the  limits  defined  in  Table  14.7-2. 

14.7.1.69  Baffle  Temperature  Monitor  (TM-69) 

This  telemet“y  function  monitors  the  temperature  of  the  telescope  baffle.  The 
baffle  temperature  telemetry  is  derived  from  a thermistor  located  about  midway 
along  the  length  of  the  priiaary  mirror  central  baffle.  The  thermistor  is  used 

as  one  element  in  a voltage  divider  as  shown  in  Figure  14.7-37.  The  output  of 

the  divider  is  appropriately  scaled  by  an  operational  amplifier.  The  baffle 
temperature  monitor  circuitry  is  part  of  the  temperature  scaling  circuit,  and 
the  output  is  valid  when  the  temperature  scaling  circuit  is  on.  The  baffle 
temperature  is  actively  controlled  if  the  baffle  heater  is  on  and  should  be 
witliln  the  limits  defined  in  Table  14.7-2. 

14.7.1.70  CFPA  Monitor  Temperature  Monitor  (TM-70) 

The  CFPA  monitor  temperature  function  monitors  the  temperature  of  the  Cold  Focal 

Plane  Array.  The  CFPA  temperature  is  sensed  by  a diode--  mounted  on  the  CFPA 

substrate.  The  diode  is  used  in  the  feedback  loop  of  an  operational  amplifier 
as  shown  in  Figure  14,7-35.  The  CFPA  is  temperature  is  actively  controlled  at 
one  heater  control  circuitry.  Additionally,  the  CFPA  can  be  controlled  using 
the  Cold  Stage  heater.  Temperature  control  requires  that  the  cold  stage  be  at 
temperature.  The  CFPA  temperature  should  be  within  the  limits  defined  in  Table 

14.7-2.  The  CFPA  monitor  temperature  is  one  of  two  temperature  monitors  on  the 
CFPA. 


14.7  .1 .71  Ambient  Odd  Pre-Amp  Temperature  Monitor  (TM-71 ) 

This  telemetry  function  monitors  the  temperature  of  the  pre-amplifier  assembly 
for  odd  prime  focal  plane  channels.  The  sensing  element  is  a thermistor  located 
on  the  band  3 assembly.  The  telemetry  derlatlon  circuit  appears  as  Figure 

14.7- 38.  The  pre-amp  temperature  telemetry  is  always  valid  and  should  be  within 
the  range  defined  In  Table  14.7-2. 

14.7 .1  .72  Cold  Pre-Amp  Temperature  Monitor  (TM-72 ) 

This  telemetry  function  monitors  the  temperature  of  the  pre-amplifiers  on  the 
cold  focal  plane  assembly.  The  sensing  element  is  a thermistor  located  on  the 
Band  7 pre-amp  assembly.  The  telemetry  voltage  is  derived  using  the  standard 
passive  telemetry  circuit  in  Figure  14.7-38.  The  telemetry  is  always  valid  and 
should  be  within  the  limits  defined  in  Table  14.7-2. 

14.7 .1.73  Relay  Optics  Temperature  Monitor  ( TK-7 3 ) 

This  telemetry  function  monitors  the  temperature  of  the  relay  optics.  The 
sensing  element  is  a thermistor  located  on  inchworm  #1  assembly.  The  telemetry 
voltage  is  derived  from  the  standard  passive  temperature  circuit  (Figure 

14.7- 38).  The  relay  optics  temperature  teleirctry  is  always  valid  and  should  be 
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within  the  range  defined  in  Table  14.7-2. 

14.7.1.74  Power  Supply  Temperature  Monitor  (TM-74) 

This  telemetry  function  monitors  Che  temperature  of  the  power  supply  module. 
The  sensing  element  is  a thermistor  mounted  on  the  power  supply  heat  sink.  The 
thermistor  is  used  in  the  standard  passive  temperature  sensing  circuit  (Figure 

14.7- 38).  The  power  supply  temperature  telemetry  is  always  valid  and  should  be 
within  the  limits  defined  in  Table  14.7-2. 

14.7.1.75  Band  6 Post-Amp  Temperature  Monitor  (TM-75) 

This  telemetry  function  monitors  the  temperature  of  the  band  6 Post-Amp.  The 
sensing  element  is  a thermistor  located  on  the  band  6 post-amp  circuit  board. 
The  thermistor  is  used  in  the  standard  passive  temperature  telemetry  circuit 
(Figure  14.7-38).  The  temperature  telemetry  is  always  valid  and  should  be  within 
the  limits  defined  in  Table  14.7-2. 

14.7.1.76  Multiplexer  Electronics  Temperature  Monitor  (TM-76) 

This  telemetry  function  monitors  the  temperature  of  the  multiplexer  electronics 
the  sensing  element  is  a thermistor  mounted  on  the  NR2-L  Data  Output  board  of 
the  multiplexer.  The  passive  analog  telemetry  circuit  is  shown  in  Figure 

14.7- 40.  The  temperature  of  the  multiplexer  electronics  depends  upon  the  status 
of  the  multiplexer  and  its  duty  cycle.  The  temperature  telemetry  is  always 
valid  and  should  be  within  the  limits  defined  in  Table  14.7-2. 

14.7.1.77  Multiplexer  Power  Supply  Temperature  Monitor  (Thi-77) 

This  telemetry  function  monitors  the  temperature  of  the  multiplexer  power 
supply.  The  sensitive  elements  are  two  thermistors  mounted  on  the  MUX  dc-dc 
converter.  The  temperature  telemetry  circuit  is  the  same  as  that  used  for  the 
mux  electronics  temperature  and  appears  as  Figure  14.7-40.  The  power  supply 
temperature  is  always  valid  and  dependant  upon  the  status  and  duty  cycle  of  the 
mux,  but  should  be  within  the  limits  defined  in  Table  14.7-2. 

14.7.1.78  Calibration  Lamp  Driver  Temperature  Monitor  (TM-78) 

This  telemetry  function  monitors  the  temperature  of  the  calibration  lamp  driver 
circuit  board.  The  sensing  element  Is  a thermistor  mounted  on  circuit  card  A3  in 
the  electronics  module.  The  telemetry  deviation  circuit  appears  as  Figure 

14.7- 38.  The  calibration  lamp  driver  temperature  is  alwasy  valid  and  should  be 
within  the  limits  defined  in  Table  14.7-2. 
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14.7.1.79  Primary  Mirror  Temperature  Monitor  (TH-79)  . 

This  telemetry  function  monitors  the  temperature  of  the  primary  mirror.  The 
sensing  element  Is  a thermistor  mounted  on  the  back  of  the  telescope  primary 
mirror.  The  telemetry  deviation  circuit  appears  as  Figure  14.7-38.  The  primary 
mirror  temperature  is  always  valid  and  should  be  within  the  limits  defined  in 
Table  14.7-2. 

14.7.1.80  Primary  Mirror  Mask  Temperature  Monitor  (TM-80) 

This  telemetry  function  monitors  the  temperature  of  the  primary  mirror  mask. 
The  sensing  element  is  a thermistor  located  on  the  back  of  the  primary  mirror 
mask.  The  telemetry  deviation  circuit  appears  as  Figure  14.7-38.  The  primary 
mirror  mask  temperature  telen«try  is  always  valid  and  should  be  within  the 
limits  defined  In  Table  14.7-2. 

14.7.1.81  Secondary  Mirror  Temperature  Monitor  (TM-81) 

This  telemetry  function  monitors  the  temperature  of  the  secondary  mirror.  The 
sensor  is  a thermistor  mounted  on  the  back  of  the  secondary  mirror  support 
plate.  The  telemetry  derivation  circuit  appears  as  Figure  14.7-38.  The 
secondary  mirror  temperature  telemetry  is  always  valid  and  should  be  within  the 
limits  defined  in  Table  14.7-2. 

14.7.1.82  Secondary  Mirror  Mask  Temperature  Monitor  (TM-82) 

This  telemetry  function  monitors  the  temperature  of  the  secondary  mirror  mask. 
The  sensing  element  is  a thermistor  located  on  the  secondary  mirror  nuisk.  The 
telemetry  derivation  circuit  appears  as  Figure  14.7-38.  The  secondary  mirror 
mask  temperature  telemetry  is  always  valid  and  should  be  within  the  limits 
defined  in  Table  14.7-2. 

14.7.1.83  Ambient  Even  Preamp  Temperature  Monitor  (TM-83 ) 

This  telemetry  function  monitors  the  temperature  of  the  preamps  associated  with 
the  even  numbered  preamps  of  the  prime  focal  plane  channels.  The  sensing 
element  is  a thermistor  located  on  the  band  3 assembly.  The  telemetry 
derivation  circuit  appears  as  Figures  14.7-38.  The  ambient  even  preamp 
temperature  telemetry  is  always  valid  should  be  within  the  limits  defined  in 
Table  14.7-2. 

14.7.1.84  Telescope  Housing  Temperature  Monitor  (TH-84) 

This  telemetry  function  monitors  the  temperature  ot  Che  telescope  housing.  The 
sensing  element  is  a thermistor  mounted  to  the  telescope  housing  (aluminum 
honeycomb  tube)  midway  between  the  primary  and  secondary  mirrors.  The  telemetry 
derivation  circuit  is  shown  in  Figure  14.7-38.  Telescope  Housing  temperature 
telemetry  is  always  valid  and  should  be  within  the  limits  defined  in  Table 
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14.7-2. 


14.7.1.85  Telescope  Baseplate  Temperature  Monitor  (TM-85) 

This  telemetry  function  monitors  the  telescope  baseplate  temperature.  The 
sensing  element  is  a thermistor  mounted  on  the  optical  support  bulkhead  of  the 
telescope  main  frame.  The  telemetry  derivation  circuit  is  shown  in  Figure 

14.7- 38  . The  calibration  shutter  hub  temperature  telemetry  is  always  valid  and 
should  be  within  the  limits  defined  in  Table  14.7-2. 

14.7.1.87  SMA  +Z  Housing  Temperature  Monitor  (TH-87) 

This  telemetry  function  monitors  the  temperature  of  the  +Z  and  of  the  scan 
mirror  assembly.  The  sensing  element  is  a thermistor  mounted  to  the  +Z  end  of 
the  scan  mirror  frame.  The  telemetry  derivation  circuit  appears  as  Figure 

14.7- 391-2  housing  temperature  telemetry  Is  always  valid  and  should  be  within  the 
limits  defined  in  Table  14.7-2. 

14.7.1.88  8MA  -Z  Housing  Temperature  Monitor  (TM-88) 

This  telemetry  function  monitors  the  temperature  of  the  -Z  end  of  the  scan 
mirror  assembly.  The  sensing  element  is  a thermistor  mounted  to  the  -Z  end  of 
the  scan  niirror  frame.  The  telemetry  derivation  circuit  is  shown  in  Figure 

14.7- 39.  The  SMA  -7  Housing  temperature  telemetry  is  a3.ways  valid  and  should  be 
within  the  limits  defined  in  Table  14.7-2. 

14.7.1.89  Scan  Angle  Monitor  Temperature  Monitor  (TM~89) 

This  telemetry  function  monitors  the  temperature  of  the  scan  angle  monitor 
electronics.  The  sensing  element  is  a thermistor  mounted  scan  angle  monitor. 
The  telemetry  derivation  circuit  appear  as  Figure  14.7-39.  Angle  Monitor 
Temperature  telemetry  is  always  valid  and  should  be  within  the  limits  defined  in 
Table  14.7-2. 

14.7.1.90  Scan  Mirror  Electronics  Temperature  Monitor  (TM-90) 

This  telemetry  function  monitors  the  temperature  of  the  scan  mirror  electronics. 
The  sensing  element  is  a thermistor  mounted  in  the  scan  mirror  electronics 
housing.  The  telemetry  derivation  circuit  Is  shown  in  Figure  14.7-39.  The  Scan 
Mirror  Electronics  telemetry  is  always  valid  and  should  be  within  the  limits 
defined  in  Table  14.7-2. 

14.7.1.91  SMA  +X  Flex  pivot  Temperature  Monitor  (TM-91) 

This  telemetry  function  monitors  the  temperature  of  the  scan  al rror  +X  flex 
pivot.  The  sensing  element  is  a thermistor  located  on  the  scan  tairror  frame  near 
the  -fX  flex  pivot.  The  telemetry  derivation  circuit  appears  as  Figure  14.7-39. 
The  +X  Flex  Pivot  temperature  telemetry  is  always  valid  and  should  be  within  the 
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limitp  defined  In  Table  14.7-2. 

14.7.1.92  SMA  -X  Flex  Pivot  Temperature  Monitor  (TM-92) 

This  telemetry  function  monitors  the  temperature  of  the  -X  (aft)  flex  pivot. 
The  sensing  element  is  a thermistor  mounted  on  the  scan  mirror  frame  near  the  -X 
flex  pivot.  The  telemetry  derivation  circuit  is  shown  in  Figure  14.7-39.  The  -X 
flex  pivot  temperature  telemetry  is  always  valid  and  should  be  within  the  limits 
defined  in  Table  14.7-2. 

14.7.1.93  Sunshield  Temperature  Monitor  (TM-93) 

This  telemetry  function  monitors  the  temperature  of  the  sunshield.  The  sensing 
element  is  a thermistor  mounted  on  the  main  frams!  near  the  sunshield.  The 
telemetry  derivation  circuit  is  shown  in  Figure  14.7-38.  The  Sunshield 
Temperature  telemetry  is  always  valid  and  should  be  within  the  limits  defined  in 
Table  14.7-2. 

14.7.1.94  SIC  Temperature  Monitor  (TM-94) 

This  telemetry  function  monitors  the  temperature  of  the  Scan  Line  Corrector 
(SLC).  The  sensing  element  is  a thermistor  located  on  the  SLC  mirror  mount.  The 
telemetry  derivation  circuit  appears  as  Figure  14.7-38.  The  SIC  temperature 
telemetry  is  always  valid  and  should  be  v^lthln  the  limits  defined  in  Table 

14.7-2. 


14.7.1.95  Calibration  Lamp  Filter  Temperature  Monitor  ('n'1-95) 

This  telemetry  function  monitors  the  temperature  of  the  calibration  lamp 
filters.  The  sensing  element  is  a thermistor  located  on  the  filter  housing 
since  the  housing  is  mounted  to  the  aft  optics  bulkhead  it  is  also  an  indication 
of  that  item's  temperature.  The  telemetry  derivation  circuit  is  shown  in  Figure 

14.7-38.  The  filter  temperature  telemetry  is  always  valid  and  should  be  within 
the  limits  defined  in  Table  14.7-2. 

14.7.1.96  Cooler  Ambient  Stage  Temperature  Monitor  (TH-96) 

This  telemetry  function  monitors  the  temperature  of  the  ambient  stage  of  the 
radiative  cooler.  The  sensing  element  is  a thermistor  mounted  on  the 
preamplifier  support  ring.  The  telemetry  derivation  circuit  appears  as  Figure 

14.7-38.  The  Ambient  Stage  Temperature  telemetry  Is  always  valid  and  should  be 
within  the  limits  defined  in  Table  14.7-2. 

14.7.1 .97  Cooler  Door  Temperature  Monitor  ( TM-9 7 ) 

This  telemetry  function  monitors  the  temperature  of  the  cooler  door.  The 
sen.slng  element  Is  a thermistor  mounted  on  the  earth  facing  surface  of  Che 
cooler  door.  The  telemetry  derivation  circuit  is  shown  in  Figure  14.7-39.  The 
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Door  Temperature  telemetry  la  always  valid  and  should  be  within  the  limits 
defined  in  Table  14.7-2. 

14.7.1.98  4-Y  Radiator  Fin  Temperature  Monitor  (TM-100) 

This  teleintry  function  monitors  the  temperature  of  the  -i-Y  facing  Radiator  Fins. 
The  sensing  elenent  is  a thermistor  mounted  on  one  corner  of  the  radiator.  The 
telemetry  derivation  circuit  is  shovra  in  Figure  14.7-38.  The  Fin  Temperature 
telemetry  is  always  valid  and  should  be  within  the  limits  defined  by  Table 
14.7-2. 


14.7.2  TM  DIGITAL  TELEMETRY  UNITORS 

The  Thematic  Mapper  utilizes  12  serial  digital  telemetry  words.  These  digital 
words  are  of  three  types:  bl-level  status,  comcaand  echo,  and  subcommutated 

diagnostics.  Words  A through  H and  L are  collections  of  bi-level  status  bits. 
Words  I and  J,  when  combined,  provide  the  as  received  serial  command  word  870 
message.  Word  K is  subcomutated  128  times  per  major  frame.  The  first  32  words 
are  derived  by  the  scan  mirror  assembly  micro-processor  and  provide  diagnostic 
Information.  The  remaining  96  words  are  not  defined.  Each  serial  digital  word 
is  defined  in  the  following  paragraphs.  All  serial  telemetry  requires  Command 
and  Data  Verification  Unit  (CDVU)  power  and  therefore,  is  Invalid  unless  CDVU 
power  is  on.  The  typical  digital  word  output  circuit  appears  as  Figure  14.7-41. 
Serial  digital  words  are  output  most  significant  bit  first  (i.e.  MSB  “ Bit  V 
weight  " SO). 

14.7.2. 1 Serial  Digital  Word  A (TWORDA) 

This  telemetry  function  consists  of  the  8 bi-level  status  bits  presented  in 
telemetry  word  TM-101.  The  bits  define  or  partially  define  the  status  of  four 
unrelated  functions.  "TWORDA"  is  defined  as: 

Bit  Weight  2^  2^  2^  2^  2^  2^  2^  2® 

User  ID  < TM  101 

Bit  ID  SO  SI  S2  S3  S4  S5  S6  S7 

The  bits  comprising  TWORDA  are  identified  as: 

BIT  FUNCTION 

50  Unused  Bit  “1 

51 

52 

53 

54 

55 

56 

57 
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Thermal  Shutdown  Enabled/Disabled 
SMA  +Z  Heater  Controller  Enagled/Disabled 
SMA  -Z  Heater  Controller  Enabled/Disabled 
Serial  Conunand  Receiver  1 OK/OFF 
Shutter  Fusible  Link  Switch  A ON/OFF 
Shutter  Fusible  T-ink  Switch  B OM/OFF 
Shutter  Fusible  Link  Switch  C ON/OFF 
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'W 


14.7.2.2  Thermal  Shutdown  Status  (TTHSDWN) 

This  telemetry  function  monitors  the  status  of  the  power  supply,  thermal 
shutdown  control  relay.  TIUSDWN  Is  defined  aa:~ 

Bit  Weight  2® 

User  ID  TMlOl 

Bit  ID  SI 

The  event' logic  associated  with  TTHSDWN  is: 


Thermal  Shutdown  TTHSDWN 

Mode  State 


Disabled  0 

Enabled  1 


The  telemetry  is  derived  as  shown  in  Figure  14.7-42.  A DISABLED  status 
Indicates  that  the  shutdown  circuit  has  been  disconnected  from  the  power  supply. 
The  ENABLED  status  indicates  that  the  shutdown  circuit  is  connected  to  the  power 
supply  control  circuit.  If  the  temperature  of  the  switching  transistors  neat 
sink  exceeds  50®  centigrade,  the  voltage  comparator  trips,  shutting  down  the 
power  supply.  As  the  temperature  cools  below  50  the  power  supply  will 
automatically  turn  on.  In  the  shutdown  mode  the  COVU  +9  volt  supply  remains 
operative.  TTHSDWN  may  be  utilized  in  the  verlficetion  of  the  following 
commands : 

Command  TTHSDWN 

Humber  Acronym  State 

736  THSDNENA  1 

* 702  THSDNDIS  0 

14.7  <2.3  SMA  Heater  Controller  Status  (TSMASTAT) 


This  telemetry  function  monitors  the  status  of  the  scan  mirror  assembly  (SMA) 


heater  controllers. 

TSMASTAT 

Is  defined  as: 

Bit  Weight 

2^ 

22 

2^ 

2° 

User  ID 

TM112 

TMlOl 

TM112 

TMlOl 

Bit  ID 

S4 

S3 

S3 

S2 
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The  event  logic  associated  with  TSMASTAT  is  defined  ast 


Heater  Controller 
Status 


TSMASTAT 

State 


Both  Disabled 
~Z  Enabled 
+ Enabled 
Both  Enabled 


0 0 0 0 

110  0 
0 0 1 i 

1111 


The  telemetry  derivaiton  appears  as  Figure  14.7-A3.  Disabling  a heater 
controller  removes  the  input  power  (+19  volts)  from  the  +12  volt  regulators 
which  power  the  controller.  Enabling  a controller  applies  power  to  the 
regulators.  With  power  available  the  SMA  temperature  is  monitored  (therrlstor) 
and  J.f  the  temperature  la  less  than  18°  centigrade  (sensed  by  a voltage 
comparator)  the  SMA  heater  (nominal  20  watts  each)  is  turned  on.  At  22°C  the 
heater  is  turned  off.  TSMASTAT  may  be  utilized  in  the  verification  of  following 
commands ; 


Common 

Number 

871  (8000) 
871  (4000) 
871  (2000) 
871  (1000) 


Acronym 

SMPZHTON 

SHPZHTOF 

SMPZHTON 

SMPZHTOF 


TSMASTAT 

State 

**  11 
**  00 
11  ** 

00  ** 


* don't  care  (1  or  0) 


14.7.2.4  Serial  Command  Receiver  Status  (TSCRSTAT) 

This  telemetry  function  monitors  the  status  of  the  serial  command  receivers. 
TSCRSTAT  as  defined  as: 


Bit  Weight  2° 

User  ID  TMlOl 

Bit  ID  S4 

The  event  logic  associated  with  TSCRSTAT  is  defined  as: 


Serial  Command  Receiver 
Mode 


TSCRSTAT 

State 


//I  Selected 
Selected 


1 

0 
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The  telemetry  Is  derived  as  shown  in  Figure  14.7.3-44.  The  mode  "Serial  Command 
Receiver  ftl  Selected"  obtains  when  the  +9  volt  CDVU  power  as  connected  to  serial 
command  receiver  (SCR)  1,  and  logic  ground  is  provided  for  command  decoder 
number  1.  SCR  1 can  only  be  accessed  from  RID  8A.  The  mode  "Serial  Command 
Receiver  2 selected  obtain  when  +9  volt  CDVU  po'  . is  applied  to  SCR  2 and  logic 
ground  is  connect  to  command  decoder  2.  SCR  2 can  only  be  accessed  from  RIU  8B. 
Only  one  command  receiver/decoder  can  be  operational  at  a given  time. 

TSCRSTAT  may  be  utilized  in  the  verification  of  the  following  Thematic  Mapper 
Commands,  assuming  that  TM  is  "ON": 


Command  l^ 


Command  Acron3nn 


TSCRSTAT 

State 


762  SCRISEL  1 

829  SCR2SEL  0 


14.7.2.5  Shutter  Fusible  Link  Status  (TSHRFZLK) 


This  telemetry  function  monitors  the  status  of  the  calibration  shutter  fusible 
link  heater.  TSHRFZLK  is  defined  as: 

Bit  Weight  2^  2^  2” 

User-ID  TMlOl  TMlOl  THIOI 

Bit  ID  S5  S6  S7 

The  events  logic  associated  witti  TSHRP0LK  is  defined  to  be ' 

Shutter  Fuse  Link  TSHRFZLK 

Mode  Status 


Safe 

Enabled 

Arnmied 

Actuated 


0 0 0 
10  0 
1 1 0 
111 


The  telemetry  is  derived  as  shown  in  Figure  14.7-45.  In  the  safe  mode  three 
commands  are  required  to  actuate  the  shutter  fusible  link  heater.  Enabling  the 
shutter  fusible  link  connects  the  micro-discrete  command  (MDC)  pulse  bus  to  the 
set  coil  of  the  arming  relay  permitting  the  arm  command  to  be  actuated.  Arming 
the  fusible  link  connects  the  MDC  pulse  bus  to  the  set  coll  of  the  actuate 
relay,  enabling  the  actuate  command.  Actuation  connects  the  spacecraft  bus  and 
return  to  the  fusible  link  heater.  The  heater  softens  the  links  and  the 
calibration  shutter  is  moved  permanent ly  out  of  the  optical  path. 


TSHRFZLK  may  be  used  to  verify  the  following  commands,  If  the  Thematic  Mapper  Is 
"ON". 
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Command 

TSHRFZLK 

Number 

Acronym 

Status 

871  (0008) 

S PLENA 

100 

872  (0080) 

SFLARM 

110 

871  (0002) 

SPL  Fire 

111 

871  (0001) 

FLSAFE* 

000 

* Partial  verification  see  paragraph  14.7.2.13. 

14.7.2.6  Serial  Digital  Word  B (TWORPB) 

This  telemetry  function  consists  of  the  8 bi-level  status  bits  contained  in 
telemetry  word  TM-102.  TWORD  B is  defined  as: 

Bit  weight  2?  2^  2^  2^^  2^  2^  2^  2® 


User  ID  < TM  102 > 

Bit  ID  SO  SI  S2  S3  S4  S5  S6  S7 

The  bits  comprising  TWORD  B are  identified  as: 

BIT  FUNCTION 

50  Band  1 ON/OFF 

51  Band  2 ON/OFF 

52  Band  3 ON/OPF 

53  Band  4 ON/OFF 

54  Band  5 ON/OFF 

55  Band  6 ON/OFF  i 

56  Band  7 ON/OFF 

57  Cold  Stage  Telemetry  ON/OFF 


14.7.2.7  Band  Status  (TBNDSTAT) 

Tills  telemetry  function  monitors  the  power  status  of  the  band  I through  7 pre 
and  post  amplifiers.  TBNDSTAT.  is  defined  as: 

Bit  Weight  2^  2^  2^  2^  2^  2^  2° 

User  ID  < TM  102 > 

Bit  ID  SO  SI  S2  S3  S4  S5  S6 

The  event  logic  associated  with  TBNDSTAT  is  defined  as: 

1.  Each  bit  represents  the  power  statue  of  a hand  as  follows: 

Bit  # SO  SI  S2  S3  S4  S5  S6 

Band  /?  1 2 3 4 5 6 7 
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2.  A one  indicates  power  ON  a zero  indicates  power  OFF. 

3.  The  event  name  is  "BAl'JDS  ON"  and  the  mode  is  the  list  of  bands 
identified  by  logic  1 status  bits. 

The  status  bits  are  typically  derived  as  shown  in  Figure  14.7-45.  A band  ON 
status  indicates  that  +19  volts  have  been  connected  to  the  +15  volt  regulators 
thit  provide  power  to  the  pre  and  post  amplifiers  associated  with  each  channel 
in  the  band.  TBNDSTAT  can  be  used  to  verify  the  following  commands. 


Command 

TBNDSTAT 

Number 

Acronym 

Bit  £ 

Status 

718 

BDION 

SO 

1 

752 

BDIOFF 

SO 

0 

754 

BD20N 

SI 

1 

724 

BDOFF 

SI 

0 

728 

BD30N 

S2 

1 

756 

BD30FF 

S2 

0 

758 

BD40N 

S3 

1 

730 

BD40FF 

S3 

0 

819 

BD50N 

S4 

1 

845 

BD50FF 

S4 

0 

847 

ED60N 

S5 

1 

325 

BD60FF 

S5 

0 

815 

BD70N 

S6 

1 

841 

BD70FF 

S6 

0 

14.7.2.8  Cold  Stage  Heater  Controller  Status  (TCSCNTLR) 

This  telemetry  function  monitors  the  status  of  the  radiative  cooler  cold  stage 
temperature  controller  and  telemetry.  TCSCNTLR  is  defined  as: 

Bit  Weight  2^  2^  2° 

User  ID  TM102  TM108  TM103 

Bit  ID  S7  SO  SI 

The  event  logic  associated  with  TCSCNTLR  is  defined  as: 


Mode 

TCSCNTRL 

Status 

TLM  ON 

1 

0 0 

CNTLR  ENA 

1 

1 0 

OUTGAS  ON 

1 

1 1 

CNTLR  DIS 

0 

0 0 

OUTGAS  ENA 

0 

0 1 

TLM  ON/OUGAS  ENA 

1 

0 1 
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The  status  bits  are  derived  as  shown  In  Figure  14.7-47.  The  cold  stage 
controller  provides  three  functions:  cold  stage  temperature  telemetry,  cold 
stage  outgas  heating,  and  a CFPA  backup  temperature  control.  The  cold  stage 
telemetry  provided  Is  a dual  range  temperature  monitor  of  the  cold  stage 
temperature.  The  telemetry  Is  powered  whenever  +19  volts  are  connected  to  the 
+15  volt  regulators.  In  Che  outgas  mode  the  controller  maintains  the  cold  stage 
temperatue  at  293°  K.  The  controller  is  an  ON/OFF  device  which  provides  80  volt 
power  to  the  278  ohm  heater  if  Che  temperature  is  less  than  the  set  point.  The 
heater  controller  car.  be  used  as  a back-up  controller  for  the  cold  focal  plane 
temperature.  For  this  function  the  controller  operates  in  the  proportional  mode 
and  utilizes  15  volt  power  for  the  278  ohm  heater. 

TCSCNTLR  may  be  used  in  the  verification  of  the  following  commands: 


Command  TCSCNTLR 

Number  Acronym  Status 


872  (8000)  CSTGTMOF  00* 
872  (0200)  CSTGHENA  * * I 
872  (0100)  CSTGHON  1 I * 
872  (0080)  CSTGHOFF  *00 


* don't  care  (1  or  0) 


14.7.2.9  Serial  Digital  Word  C (TWORDC) 

This  telemetry  function  is  comprised  of  the  eight  bi-level  status  bits  presented 
in  telemetry  word  TM-103.  The  bits  are  all  associated  with  the  radiative  cooler 
door.  TWORD  C is  defined  as  follows: 

Bit  Weight  2^  2^  2^  2^  2^  2^  2^  2° 

User  ID  < TM  103 > 

Bit  ID//  SO  SI  S2  S3  S4  S5  S6  S7 


The 


SO 

Door 

SI 

Door 

S2 

Door 

S3 

Door 

S4 

Door 

S5 

Door 

S6 

Door 

S7 

Door 

Name 

Closed/Not 

Outgas/Not 

Open/Not 

£1  tro  Magnet  On/Off 
Motor  On/Off 

Fuse  Link  Switch  A On/Off 
Fuse  Link  Switch  B Qn/Off 
Fuse  Link  Switch  C On/Ofr 


bits  comprising  TWORDC  are: 
Bit// 
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14.7.2.10  Door  Position  Monitor  (TDOORPSN) 


This  telemetry  function  monitors  the  position  of  the  radiative  cooler  door. 
TDOORPSN  is  defined  as: 


Bit  Weight 
User  ID 
Bit  ID 


2^  2^  2° 

<—m  103 — 
so  SI  S2 


The  event  logic  associated  with  TDOORPSN  is  defined  as; 


Door  Position 
Mode 


TDOORPSN 

Status 


Open 

Outgas 

Closed 


0 0 1 
0 10 
1 0 0 


The  telemetry  is  derived  as  shown  in  Figure  14.7-48.  The  three  positions  are 
sensed  using  micro-switches.  The  switches  are  used  for  position  control  in 
addition  to  telemetry  derivation.  A logic  one  indicates  that  a switch  is 
closed.  The  switches  are  located  as  follows:  Closed-position,  side  of  cooler 

enclosure,  activated  by  side  of  door;  outgas  position,  near  door  motor  crank-arm 
activated  by  cam  on  the  motor  shaft;  open  position,  bottom  of  cooler  enclosure, 
activated  by  bottom  edge  of  cooler  door. 

14.7.2.11  Door  Electro-Magnet  Status  (TDOOREM) 

This  telemetry  function  monitors  the  status  of  the  radiative  cooler  door 
latches.  TDOOREM  is  defined  as; 

Bit  Weight  2® 

User  ID  TM103 

Bit  ID  S3 

The  event  logic  associated  with  TDOOREM  is  defined  as: 

Door  Latch  TDOOREM 

Mode  Status 

ON  1 

OFF  0 

The  telemetry  Is  derived  as  shown  in  Figure  14.7-49.  The  door  latches  are  two 
electromagnets  located  on  the  edge  of  the  door  opposite  the  hinge.  When  t?:e 
door  latches  are  ON  Instrument  module  bus  power  is  connected  to  the  electro- 
magnet colls.  When  the  door  latch  mode  is  OFF  the  energizing,  voltage  Is 
disconnected.  The  door  latches  should  be  on  during  launch. 
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TDOOEIEM  may  be  used  to  verify  Che  following  commands: 

Command  TCSCNTLR 

Number  Acronym  Status 

722  DMAGON  1 

732  DMAGOFF  0 

IA.7.2.12  Door  Motor  Status  (TDOORMTR) 

This  telemetry  function  monitors  the  status  of  the  radiative  cooler  door  motor. 
TDOORfiTR  is  defined  as: 


Bit  Weight  2° 

User  ID  TM103 

Bit  ID  SA 

The  event  logic  associated  with  TDOORMTR  is  defined  as: 


Mode 


Door  Kotor  TDOORMTR 
Status 


Disabled  0 

Enabled  1 


The  telemetry  is  derived  as  shown  in  Figure  lA.7-50.  In  the  ENABLED  MODE  + 33 
volts  is  connected  to  the  nwtor  drive  and  brake  release  circuits  and  +8  volt 
power  Is  connected  to  the  +5  volt  regulator  that  supplies  power  to  the  door 
logic  circuits.  In  the  DISABLED  MODE  the  +33  and  +8  volt  power  is  disconnected 
and  the  motor  brake  is  engaged. 


TDOORMTR  may  be  used  to  verity  the  following: 


Command 

Number 


TDOORMTR 

Acron^na 


872(2000)  DMTROFF 

872(AOOO  DMTRON 


State 


0 

1 


1 A. 7. 2. 13  Cooler  Door  Fusible  Link  Status  (TDR/ZLK) 


This  telemetry  function  monitors  the  status  of  Che  radiative  cooler  door  fusible 
link  heater  coitt roller  circuit.  TDRFZLK  is  defined  as: 


Bit  Weight 

2^ 

2^  ■ 

2° 

User  ID 

TM103 

TM103 

TM103 

Bit  ID 

S5 

S6 

S7 
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The  event  logic  associated  with  TDRFZLK  Is  defined  as: 


Door  Fuse  Link  TDRZLK 

Mode  State 


SAFE  000 
ENABLED  100 
ARMFIED  1 10 
ACTUATED  111 


The  telemetry  is  derived  as  shown  in  Figure  14.7-45.  In  the  SAFE  mode  switches 
A,  B and  C are  open.  In  the  ENABLED  mode,  switch  A is  closed  connecting  the 
macro-discrete  comiaand  (MDC)  pulse  bus  to  the  close  coil  of  relay  (Switch)  B.  In 
Che  ARMHED  Mode,  switch  B is  closed  connecting  the  HDC  pulse  bus  to  the  close 
coll  of  relay  (switch)  C.  In  the  ACTUATED  Mode  the  spacecraft  Bus  (A/B)  is 
connected  to  the  fusible  link  heater  (?  ohms).  As  the  link  softens  the  cooler 
door  is  opened  by  a preloaded  spring.  The  time  required  for  activation  is  a 
function  of  voltage  applied  to  the  heater.  The  fusible  link  can  be  actuated  only 
once  and  the  resultant  action  (cooler  door  full  open)  is  irreversible. 

TDRFZLK  may  be  used  to  verify  the  following  commands; 


Command  TDRFZLK 

Number  Acron^^a  State 


872(0040)  DFLENA  100 

871(0100)  DFLAKM  110 

872(0010)  DIXFIRE  111 


14.7.2.14  Serial  Digital  Word  D (r..TRD  D)  ’ 

This  telemetry  function  is  comprised  of  eight  bilevel  status  bits  associated 
with  the  on  board  calibration  system  and  multiplex  status.  TWORDD  is  defined  as: 

Bit  Word  2^  2^  2^  2'^  2^  2"  2^  2® 

User  ID  < TMID4 > 

Bit  ID  SO  SI  S2  S3  S4  S5  S6  S7 
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SO 

Cal  Lamp  1 On/Off 

SI 

Cal  Lamp  2 On/Off 

S2 

Cal  Lamp  3 On/Off 

S3 

Cal  Lamp  1 Override /Nortaal 

S4 

Cal  Lamp  2 Override /Normal 

S5 

Cal  Lamp  3 Override/Normal 

S6 

Lamp  Sequencer  On/Off 

S7 

Multiplexer  On/Off 

14.7.2.15  Calibration  Lamp  Status  (TLMPSTAT) 

This  telemetry  function  monitors  the  status  of  the  on-board  calibration  sources 
for  bands  1 through  5 and  7.  TLMPSTAT  is  defined  as: 


Bit  Weight  S2®  2^ 

2^ 

2 

3 

2^ 

2^ 

2« 

User  ID  < 

— 

— TM104- 

— 

— 

> 

Bit  ID  SO  Si 

S2 

S3 

S4 

S5 

S6 

The  event  logic  associated  with  TLMPSTAT  is 

defined  ■ 

as: 

Cal  Lamp 

TLMPSTAT 

Mode 

State 

Off 

0 

0 

0 

0 

0 

0 * 

Auto  Seq 

1 

1 

1 

0 

0 

0 1 

Lamp  1 ON 

1 

0 

* 

* 

* 

* 0 

Lamp  1 Backup 

1 

* 

* 

1 

* 

ft  ft 

Lamp  2 ON 

* 

1 

* 

* 

0 

ft  0 

Lamp  2 Backup 

* 

1 

* 

* 

1 

ft  ft 

Lamp  3 ON 

* 

* 

1 

* 

* 

0 0 

Lamp  3 Backup 

* 

* 

1 

* 

* 

1 * 

* don't  care  ( or 

0) 

The  telemetry  is  derived  as  shown 

in  Figure 

14.? 

-51. 

In  the 

Off  Mode  the 

volt  power  to  the  lamps  is  removed  and  the  mode  control  Norma  1/Over ride  and 
sequencer  On/Off  relays  may  be  either  state  as  lamp  power  is  not  available.  The 
automatic  sequence  mode  requires  that  these  lamps  be  on  in  the  normal  node  .-^nd 
the  sequencer  be  on.  Operation  of  each  lamp  is  determined  by  the  On/Oif, 
Normal/Override  and  seqtiencer  On/Off  relays.  The  Lamp  Off  mode  occurs  wheii  the 
power  (+19  volts)  is  removed  from  the  control  circuitry.  In  the  normal  mode  the 
lamp  is  on  and  its  output  is  controlled  by  a photodiode.  In  the- override  mode 
the  lamp  Is  operated  at  a fixed  current  determined  by  the  series  of  resis t wu.-e . 
If  the  sequencer  is  on,  it  turns  all  lamps  in  the  normal  code  on  and  off  in  the 
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following  sequence. 


Lamp  Lamp  State  In  Interval 


1 

Off 

On 

On 

Off 

Off 

On 

On 

Off 

2 

Off 

Off 

On 

On 

On 

On 

Off 

Off 

3 

Off 

Off 

Off 

Off 

On 

On 

On 

On 

% Full  Scale 

0 

20 

50 

30 

70 

90 

60 

40 

In  the  override  mode  a lamp  does  not  respond  to  sequencer  commands.  TLMPSTAT  nay 
be  used  to  verify  the  following  commands: 


Command 

Number  Acromynn 


TLMPSTAT 

State 


738 

LMPIOFF 

708 

LMPION 

809 

LMPIOR 

734 

LMP20FF 

712 

LMP20N 

807 

LMP20R 

714 

LMP30FF 

740 

LMP30N 

833 

LMP30R 

871(0004) 

LPSEQOFF 

871(0008) 

LPSEQON 

* don't  care 

Multiplexer  Status 

(TMUXPWR) 

0 0 * * * * * 

1 *****  * 
5^  * ★ * ★ * 

* A 0 0 * * * 

A A A A A A 
A A A A A A 
A A A A Q 0 A 

A A A A A A 

A A A A A 1 A 

A A A A A A 0 

A A A A A i 


This  telemetry  function  monitors  the  power  status  of  the  multiplexer.  TMUXPWR  is 
defined  as: 


Bit  Weight  2^ 

User  ID  TM104 

Bit  ID  S7 


20 

TM106 

S6 


The  event  logic  associated  with  TMUXPWR  is  defined  as: 

Multiplexer  TMUXPWR 

Mode  State 

Off  0 0 

On  11 

The  telemetry  Is  derived  as  shown  in  Figure  14.7-52.  The  multiplexer  can  be 
powered  by  either  power  supply  1 or  2 or  both.  When  +30  volts  is  applied  to  the 
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MUX  its  dc-dc  converter  produces  seven  secondary  voltages.  The  +5.2  volt  analog 
bus  provides  power  for  the  two  multiplexer  on  telemetry  points. 

14.7 .2.17  Serial  Telemetry  Word  E (TWORDE) 


This  telemetry  function  is  comprised  of  eight  bilevel  status  bits  associated 
with  inchwona  control  and  monitoring,  blackbody  temperature  control  and  scan 
mirror  electronics  status.  TWORDE  is  defined  as: 


Bit  Word 

TTear*  TO 

2^ 

2^ 

2^  2^  2^  2^  2^ 

2° 

user  JLU 

Bit  ID 

SO 

SI 

S2  S3  S4  S5  S6 

S7 

comprising 

word 

E 

are: 

Bit 

Function 

SO 

Inchwona  Power  On/Off 

SI 

LVDT  On/Off 

S2 

Blackbody  Cn/Off 

S3 

Blackbody  T2  On/Off 

S4 

Blackbody  T3  On/Off 

S5 

Blackbody  Backup  Cn/Off 

S6 

Scan  Mirror  Electronics 

1 On/Off 

S7 

Scan  Mirror  Electronics 

2 On/Off 

14.7.2.18  Inchwona  Control  and  Monitor  Status  (TIWSTAT) 

This  telemetry  function  monitors  the  status  of  inchworm  power  annd  position 
monitoring.  TIWSTAT  is  defined  as: 

Bit  Weight  2^  2*^ 

User  ID  TM105  TH105 

Bit  ID  SO  SI 

The  event  logic  associated  with  TIWSTAT  is: 


Inchworm 

Mode 


TIWSTAT 

State 


Off  0 0 

TLM  On  0 1 

Power  On  10 

Pwr  & TLM  On  1 1 


The  telemetry  is  derived  as  shown  in  Figure  14.7-53.  In  the  power  on  mode  +30 
volts  is  applied  to  the  inchwona  high  voltage  power  supplies  and  +3  volts  is 

applied  to  the  inchworm  control  logic.  In  the  telemetry  on  mode  +19  volt  power 

> 
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is  applied  to  position  sensing  circuit  which  utilized  linear  variable 
differential  transformers  (LVDT).  In  the  off  mode  all  voltages  are  disconnected. 

TIWSTAT  may  be  used  in  verification  of  the  following  cotamands; 


Command  TIWSTAT 

Number  Acronym  State 


872(0004)  LVDT  Off  * 0 
872(0020)  LVDT  On  * 1 
871(0001)  Inch  Off  0 * 
871(0002)  Inch  On  1 * 


* don't  care  (1  or  0) 


14.7.2.19  Blackbody  Temperature  Control  Status  (TBBSET) 


This  telemetry  function  monitors  the  status  of  the  on  board  calibration  system 
blackbody  temperature  control  circuitry.  TBBSET  is  defined  as: 


Bit  Weight 
User  ID 
Bit  ID 


< TM105 > 

S2  S3  S4  S5 


The  event  logic  associated  with  TBBSET  is: 


Blackbody  Control  TBBSET 

Mode  State 


Off  0000 

On  T1  1000 

On  T2  1100 

On  T3  1*10 

On  Backup  1**1 


* don't  care 


The  telemetry  is  derived  as  shown  in  Figure  14.7-54.  In  the  Off  Mode,  the  +19 
volts  which  provides  the  power  for  the  blackbody  heater  and  controller  is 
disconnected.  In  the  On  T1  Mode  +19  volts  is  connected  to  the  +_12  volt 
regulator  which  provides  all  required  power.  The  temperature  set  point  relays 
are  reset  to  provide  a control  temperature  of  24°C.  The  On  13  mode  Is  also 
similar  to  On  T1  but  results  in  a control  temperature  of  30°C.  The  On  T2  mode 
is  similar  to  On  T1  is  set,  resulting  in  a control  temperature  of  35°C.  The  T3 
relay  overrides  the  T2  relay.  In  the  On  Backup  mode,  the  temperature  controller 
is  removed  and  the  heater  runs  in  the  constant  current  mode. 
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TBBSET  may  be  used  in  the  verification  of  the  following  commands: 


Command 

TBBSET 

Number 

Acronym 

State 

716 

BBHTRON 

1 0 0 * 

746 

BBHTROFF 

0 0 0 0 

813 

BBT2SEC 

1 1 0 * (1) 

817 

BBBKUPON 

1 * * 1 (1) 

835 

BBT3SEC 

1 * 1 * (1) 

* don't  care  (1  or  0) 

(1)  requires  BB  heater  On 

14.7.2.20  Scan  Mirror  Electronics  Selection  (TSMSSEL) 


This  telemetry  function  monitors  the  status  of  the  scan  mirror  electronics 
status.  TSMESEL  is  defined  as: 


Bit  Weight 
User  ID 
Bit  ID 


< TM105 > 

S6  S7 


The  event  logic  associated  with  TSMESEL  Is: 


SHE  TSMESEL 

Mode  State 


1 ON  10 

2 On  0 1 

OFF  0 0 


The  telemetry  is  derived  as  shown  in  Figure  14.7-55.  Bit  S6  monitors  the  status 
of  scan  mirror  electronics  (SME)  number  1.  A logic  1 indicates  that  power  is 
applied  to  SME  1.  A logic  0 indicates  that  power  has  been  dl sconnnected . Bit  S7 
monitors  the  power  status  of  SME  ^2.  A logic  1 indicates  that  SME  2 is  powered 
logic  0 indicates  that  power  is  not  applied.  Both  SME  1 and  S^E  2 cannot  be 
powered  at  simultaneously. 


TSMESEL  may 


be  used  in  the  verification  of  the  following: 


Command 

Number 

Ac ronym 

TSMESEC 

State 

748 

SME IS EL 

1 

0 

704 

SME2SEL 

0 

1 

823 

SMEOFF 

0 

0 
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14.7.2.21  Serial  Telemetry  Word  F (TWORDF) 

This  telemetry  function  is  comprised  of  8 bi— level  status  bits  associated  with 
baffle  heater  control,  macro-discrete  command  generator  control,  multiplexer 
power  status,  and  midscan  marker  status  is  defined  as: 

Bit  Weight  2^  2^  2^  1^*  2^  2^  2® 

User  ID  < -TMlOe — — — > 

Bit  ID  SO  SI  S2  S3  S4  S5  S6  S7 


The  bits  comprising  TWORDF  are: 


Bit 


Function 


50 

51 

52 

53 

54 

55 

56 

57 


Baffle  Heater  Controller  On/Off 
Baffle  Heater  Backup  On/Off 
Macrodiscrete  Cmd  Generator  A Prime  On/Off 
Macrodiscrete  Cmd  Generator  k Redundant  On/Off 
Macrodlacrece  Cmd  Generator  B Prime  On/Off 
Macrodlscrete  Cmd  Generator  B Redundant  On/Off 
Multiplexer  On/Off 
Midscan  Pulse  On/Off 


14.7.2.22  Baffle  Heater  Controller  Status  (TBAFFHTR) 


This  telemetry  function  monitors  the  status  of  the  baffle  heater  controller. 
TBAFFHTR  is  defined  as: 


Bit  Weight  2^ 

User  ID  TM106 

Bit  ID  SO 


TM106 

SI 


The  event  logic  associated  with  TBFFHTR  is: 


Baffle  Heater  Control  TBAFFHTR 
Mode  State 


Off  0 0 
Normal  1 0 
Backup  1 1 


The  telemetry  Is  deiived  as  shown  in  Figure  14.7-56.  In  the  Normal  Mode,  +19 
power  Is  applied  to  the  controller  enabling  the  temperature  sense  and  compare 
circuits.  The  baffle  heater  Is  turned  on  and  off  to  maintain  the  baffle 
temperature  at  166°C»  In  the  Backup  Mode  the  baffle  heater  la  operated  in  the 
constant  power  mode  (~4  watts).  The  off  mode  Is  obtained  by  retaoving  +19  volt 
power  and  reconnecting  the  temperature  controller. 
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TBAFFHTR  may  be  used  to  verify  the  following  commands. 

Command  TBAFFHTR 

Number  Acronym  State 

892(1000)  BHITRON  I * 

872(0800)  BFUTRBU  1 1 

872(0400)  BFHTROFF  0 0 


i---  ; 

OF  pCOfi  Qi.’- 


I. 


* don't  care  (I  or  0) 


14.7.2.23  Macrodiscrete  Command  Generator  Status  (TMCGSEL) 


This  telemetry  function  monitors  the  status  of  the  macrodiscrete  commt.nd 
generators.  TMCGSEL  Is  defined  as: 

Bit  Weight  2^  2^  2^  2° 

User  ID  < TM106 > 

Bit  ID  S2  S3  S4  S5 

The  event  logic  associated  with  TMCGSEL  Is: 


Command  Generator 

TMCGSEL 

Mode 

State 

Both  Off 

0 

0 0 0 

B Redundant 

0 

0 0 1 

B Prime 

0 

0 1 0 

A Redundant 

0 

1 0 0 

Both  Redundant 

0 

1 0 1 

A Red  B Prime 

0 

1 1 0 

A Prime 

1 

0 0 0 

A Prime  B Red 

1 

0 0 1 

Both  Prime 

1 

0 1 0 

The  telemetry  is  derived  as  shown  In  Figure  14.7-56.  Each  bit  of  TMCGSEL  defines 
Che  On  (logic  1),  Off  (logic  0)  state  of  each  of  the  four  command  generators. 
Execution  of  any  871  command  requires  that  command  generator  A be  on  and 
execution  of  any  872  command  requires  that  command  generator  B be  on.  The  prime 
command  generators  can  only  accessed  by  R^U  8A  and  the  redundant  command 
generators  can  only  be  accessed  by  RIU  8B . 
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TMCGSEL  may  be  used  to  verify  the  following  commands: 


Command 

TMCGSEL 

Number 

Acronym 

State 

726 

MCGSEDA? 

10** 

760 

MCGSELAR 

0 1** 

821 

MCGSELBP 

**10 

843 

MCGSELBR 

**01 

827 

MCGOFF 

0 0 0 0 

* don't  care  (1  or  0) 

14.7.2.24  Mldscan  Marker  Status  (TMIDSCAN) 

This  telemetry  function  monitors  the  midscan  marker  status.  TMIDSCAN  is  defined 
as : 

Bit  Weight  2^  2° 

User  ID  TM112  TM106 

Bit  ID  S5  S7 


The  event  logic  associated  with  TMIDSCAN  is: 


liidacan 

Mode 

On 

Off 


TMIDSCAN 

State 

1 1 
0 0 


The  telemetry  is  derived  as  shown  in  Figure  14.7-58.  The  two  telemetry  functions 
monitor  Che  output  of  the  HAND  gate  which  is  "set"  when  both  Hidscan  On  commands 
have  been  received.  In  Che  On  mode  the  Mldscan  code  Is  being  inserted  in  the 
video  data. 


14.7.2.25  Serial  Telemetry  Word  G (TWORDG) 


This  telemetry  function  monitors  this  status  of  the  scan  line  correctors  and  the 
oscillating  shutters.  TWORDG  Is  defined  as; 


Bit  Weight 
User  ID 
Bit  ID 


2 7 2^  2^ 

SO  SI  S2 


24  2^  2^  2^  2*^ 

-TM107 — > 

S3  S4  S5  S6  S7 
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The  bits  comprising  TWORDG  are: 

Bit  # Function 

50  Scan  Line  Corrector  1 On/Off 

51  Scan  Line  Corrector  2 Cn/Off 

52  Calibration  Shutter  On/Off 

53  Calibration  Shutter  Phase  Error  No/Yes 

54  Calibration  Shutter  Amplitude  Error  No/Yea 

55  Backup  Shutter  On/Off 

56  Backup  Shutter  Phase  Error  No/Yes 

57  Backup  Shutter  Amplitude  Error  Ko/Yes 


14.7.2.26  Scan  Line  Correlator  Selection  (TSLCSEL) 

This  telemetry  function  monitors  the  status  of  the  redundant  scan  line  corrector 


(SLC)  electronics. 

TSLCSEL  is  defined  as: 

Bit  Weight  2^  2° 

User  ID 

TM107  TM107 

Bit  ID 

SO  SI 

The  event  logic  associated  with  TSLCSEL  is: 

Scan  Line  Corrector 

TSLCSEL 

Mode 

State 

Off  ■ 

0 0 

1 On 

1 0 

2 On 

0 1 

The  telemetry  is  derived  as  shown  in  Figure  14.7-59.  In  the  "I  On"  mode  +19 
volts  and  +8  volt  power  is  applied  to  SLC  1 and  the  motor  which  drives  the 
correcting  mirror  assembly  is  connected  to  SLC  1 motor  drive  output.  In  the  "2 
On"  mode  power  is  applied  to  SLC  2 electronics  and  the  SLC  motor  is  connected  to 
SLC  2.  TSLCSEL  may  be  used  to  verify  the  following  commands; 


Command 

TSLCSEL 

Number 

Acronym 

State 

871(0040) 

SLCSELl 

1 0 

871(0020) 

SLCSEL2 

0 1 

871(0010) 

SLCOFP 

0 0 
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14.7.2.27  Calibration  Shutter  Status  (TCALSHTR) 

This  telemetry  function  monitors  the  status  of  the  calibration  shutter.  TCALSHTR 
is  defined  as: 

Bit  Weight  2^  2^  2° 

User  ID  < TM107— -> 

bit  ID  S2  S3  S4 

The  event  logic  associated  with  TCALSHTR  is: 

Cal  Shutter  TCALSHTR 


Mode 

State 

On  in  error 

10  0 

Phase  lock 

1 1 0 

Amplitude  lock 

10  1 

Off 

0 0 0 

On-in  lock 

1 1 1 

The  telemetry  derivation  appears  as  Figure  14.7-60  TM107(S2)  defines  the  power 
status  of  Che  primary  calibration  shutter.  A logic  1 Indicates  that  power  (+8V, 
+19V  and  +33V)  has  been  applied  to  Che  calibration  shutter  drive  circuits.  A 
logic  zero  indicates  power  has  been  removed.  TM107  S3  defines  the  status  of  the 
phase  detector.  A logic  0 indicates  a phase  error;  1 Indicates  phase  okay.  The 
same  logic  applies  to  amplitude  lock. 

14.7.2.28  Backup  Shutter  Status  (TBUSHTR) 

This  telemetry  function  monitors  the  status  of  the  backup  shutter.  TBUSHTR  is 
defined  as: 

Bit  Weight  2^  2^  2° 

User  ID  < TM107 > ' 

Bit  ID  S5  S6  S7 

The  event  logic  associated  with  TBUSHTR  is: 


Backup  Shutter  TBUSHTR 

Mode  State 


Off  000 
On  PA  error  100 
. base  lock  101 
Amplitude  lock  110 
On  in  lock  111 
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14.7.2.29  Serial  Telemetry  Word  H (TWORDH) 

This  telemetry  word  monitors  the  status  of  the  cold  stage  heater  controller, 
intermediate  stage  heater  controller,  and  the  cold  focal  plane  temperature 
controller.  TWORDH  is  defined  ass 

Bit  Weight  2^  2^  2^  2^  2^  2^  2^  2° 

User  ID  < TM108 > 

Bit  ID  SO  SI  S2  S3  S4  S5  S6  S7 

The  bits  comprising  TWORDH  are: 


Bit  f 

Function 

SO 

Cold  Stage  Controller  On/Off 

SI 

Cold  Stage  Power  Enabled/Disabled 

S2 

Intermediate  Stage  Controller  On/Off 

S3 

Intermediate  Stage  Heater  Enabled/Disabled 

S4 

CFPA  Controller  On/Off 

S5 

CP PA  T2  On/Off 

S6 

CPPA  T3  On/Off 

S7 

CFPA  Telemetry  On/Off 

14.7.2.30  Intermediate  Stage  Controller  Status  (TISC1?TRL) 

This  telemetry  function  monitors  the  status  of  the  radiative  cooler  Interjaedlate 
stage  heater  controller.  TISCNTRL  is  defined  as: 

Bit  Weight  2^  2® 

User  ID  < TM108 > 

Bit  ID  S2  S3 

The  event  logic  associated  with  TISCNTRL  is; 

Intermediate  Stage  TISCNTRL 

Controller  Mode  State 

Off  0 0 

Enabled  1 0 

On  11 

Outgas  Selected  0 1 

The  telemetry  circuit  appears  as  Figure  14.7-61.  The  Intermediate  stage 
controller  is  enabled  by  applying  +19  volts  to  the  +12  volt  regulator.  The 
regulator  output  powers  the  intermediate  stage  temperature  telemetry  and  the 
On/Off  controller.  The  Intermediate  stage  outages  heater  is  turned  on  by 
grounding  an  input  to  the  controller  which  provides  +80  volts  to  the  heater.  The 
controller  then  maintains  the  intermediate  stage  temperature  at  20  Centigrade. 
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TISCNTRL  may  be  used  to  verify  the  following  commands. 

Command  TISCNTRL 


Number 

Acronym 

State 

871(000) 

ISTGHEKA 

1 

871(0400) 

ISTGHON 

* 

1 

871(0200) 

ISTGHOFF 

0 

0 

* don't  care  (1  or  0) 


14.7.2.31  CFPA  Temperature  Control  Status  (TCFPA) 

This  telemetry  function  monitors  the  status  of  the  cold  focal  plane  assembly 
(CFPA)  temperature  control  circuitry.  TCFPA  is  defined  as; 

Bit  Weight  2^  2^  2^  2® 

User  ID  < TM108 > 

Bit  ID  S4  S5  S6  S7 


The  event  logic  associated  with  TCFPA  is: 


CFPA  Temp 

TCFPA 

Mode 

State 

Off 

0 0 0 

0 

TLM  ON 

0 * * 

1 

Set  Tl 

1 0 0 

1 

Set  T2 

110 

1 

Set  T3 

1*1 

1 

* don't  care 

(1  or  0) 

The  TM108  (S7)  bit  senses  the  output  of  the  +15  volt  regulator.  A logic  one 
indicates  that  +15  volts  is  present,  thus  powering  the  CFPA  control  and  monitor 
temperature  circuits.  A logic  0 indicates  that  the  regulator  is  not  powered. 
TM108  (S4)  senses  the  power  status  of  the  temperature  controller.  A logic  1 
indicates  that  the  proportional  controller  is  powered  and  controlling  the  CFPA 
temperature  at  one  of  the  three  set  points.  TN108  (35)  senses  the  state  of  the 
T2  set  relay.  A logical  1 indicates  that  control  temperature  T2  (95°  Kelvin)  has 
been  selected.  Selecting  T2  overrides  the  selection  of  T1  but  is  in  turn 
overriden  by  the  selection  of  T3 . TM108  (S6)  monitors  the  state  of  the  T3 
selection  relay.  A logical  1 indicates  that  set  point  T3  (105°  K)  has  been 
selected.  Selection  of  set  point  T3  overrides  Ti  and  T2 . If  neither  T2  or  T3 
have  been  selected  the  set  point  is  Tl  (90°  K).  The  telemetry  derivation  is 
shown  in  Figure  i4.7-62.  TCFPA  may  be  used  to  verify  the  following  commands: 


LSD-WPC-263 


14-160 


OF 


SVS-10266 
31  December  1981 


Command  TCFPA 


Number 

Acronym 

State 

710 

CFPAHTON 

10  0 

1 

805 

CFPA2SKL 

* 1 * 

1 

(1) 

811 

CFPA3SEL 

* * 1 

1 

(1) 

720 

CFPATMOF 

0 0 0 

0 

(2) 

744 

CFPAHTOF 

0 * * 

1 

(1) 

* don't  care  (»  1 or  0) 

(1)  telemetry  power  (S7)  must  be  on  for  valid  output 

(2)  If  S7  » 0 all  bits  0 


14.7.2.32  Serial  Telemetry  Word  I (TWORDI) 

This  telemetry  function  in  conjunction  with  WORDJ  provides  the  as  received 
status  of  the  command  "message”  associated  with  command  870.  TWORDI  is  defined 
as : 

Bit  Weight  7?  2®  2^  2^  2^  2^  2^  2° 

User  ID  < — TM109 — — > 

Bit  ID  SO  SI  S2  S3  S4  S5  S6  S7 

The  bits  comprising  TWORDI  are: 


TWORDI 

870 

Command 

Bit  # 

Bit  # 

Received 

SO 

9 

Inchvform  Extend/Not 

SI 

10 

Inchworm  3 Enable/Disable 

S2 

11 

Inchworm  2 Enable/Disable 

S3 

12 

Inchworm  1 Enable/Disable 

S4 

13 

Cooler  Door  Move/Inhibit 

S5 

14 

Cooler  Door  Close/Open 

S6 

15 

Midscan  Enable  A 

S7 

16 

Midscan  Enable  B 
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14.7.2.33  Serial  Telemetry  ^ord  J (TWORDJ) 

This  telemetry  function  In  conjunction  with  TWORDI  provides  the  as  received 
status  of  the  "message"  associated  with  command  870.  TWORDJ  is  defined  as: 

Bit  Weight  2^  2®  2^  2^^  2^  2^  2^  2° 

User  ID  < TMllO > 

Bit  ID  SO  SI  S2  S3  S4  S5  S6  S7 

The  bits  comprising  TWORDJ  are: 


TWORDJ 

370 

Command 

Bits  # 

Bit  # 

Received 

SO 

1 

Not  Used 

SI 

2 

Not  Used 

S2 

3 

Not  Used 

S3 

4 

Not  Used 

S4 

5 

Not  Used 

S5 

6 

Not  Used 

S6 

7 

Inchworm  Move/Not 

S7 

8 

Inchworm  Contract/Not 

14.7,2.34  Command  Echo  (TECHQ) 


This  telemetry  function  monitors  the  as  received  state  of  cominaTid  870 
TECHO  is  defined  as: 


message. 


Bit 

Weight 

2^5 

2^^ 

,13 

^12 

2“ 

,10 


2° 

2; 

oO 


2-^ 

22 

rjl 

2° 


870 


User  ID 

Bit  im 

Bit  £ 

TMllO 

so 

1 

TMllO 

SI 

2 

TMllO 

S2 

3 

TMllO 

S3 

4 

TMllO 

S4 

5 

TMilO 

S5 

6 

TMllO 

S6 

7 

TMllO 

S7 

8 

TM109 

SO 

9 

TM109 

SI 

10 

TM109 

S2 

11 

TM1O9 

S3 

12 

TM109 

S4 

13 

TM109 

S5 

14 

TH1C9 

S6 

15 

TM109 

S7 

ir> 
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The  telemetry  derivation  circuit  appears  as  Figure  14 .7-63 . 

14.7.2.35  Serial  Digital  Work  K (TWORDK) 

Thin  telemwtry  word  Is  aubcomutatod  1 28  to  l.  The  first  32  words  In  each 
telomotry  major  frame  a 'e  defined.  The  other  98  words  are  undaflnad.  Word 
definitions  appear  In  the  following  paragraphs. 

14.7.2.35.1  Word  Kl  - .Sync 

The  flrat  sample  In  each  nvijor  frame  Is  a vinlque  word  Identify  major  start.  This 
word  la  "TllD”. 

14.7.2.35.2  Word  K2  - Ol'STAT  N 

This  word  defines  the  opor.atlonal  status  obtaining  for  scan  N.  The  bit  ar® 
defined  in  the  following  Table. 

Bit  # 

Scan  Direction:  0 - forward,  I - reverse 
Circuit"  0 “ SMK  I,  I - SHE  2 
Mode:  0 ” SAM,  I “ Bumper 

Piogram  II) 

EM  » 00110 
PE  - 00110 

El  •»  001 10 


14.7.2.35.3  Word  K3  - SCNLIN  M 

This  word  represents  the  scan  linearity  pu Iso  frequency  for  scan  N . The  decoding 
of  this  word  la  to  he  defined. 

14.7.2.35.4  Wo rd  K4  ~ TKN ERR  N 

This  word  In  concaCenat  ton  with  word  K5  represents  the  turn  around  error  for 
scan  N.  Word  K4  represents  the  8 m<>8t  significant  bits  (M.RB's ) of  the  Combined 
word  and  word  K5  represent Ing  the  8 least  significant  hits  (LSB's).  The  MSB  of 
the  comhl ned  word  (Word  4 Bit  0)  Is  a sign  hit  ( 0 “ plus,  I “ minus).  The 
rera.'ilnlng  15  hits  (Word  K4  hit  I through  K5  hit  7)  represent  the  magnitude  of 
the  turn  around  time  error  In  the  SAM  mode.  Eos  It  I ve  errors  are  binary  encoded 
clock  ptilses  and  negative  errors  are  two's  complement  binary  encotled  clock 
pulses.  Torn  around  error  In  microseconds  Is  calcul.atcd  .as: 

TRMEKR  “ (COUNTS)  ^^^(  1/84  . 903)  (16) 
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Where  "COUNTS:  are  the  decimal  equlvlanet  of  the  concatenated  word.  Turn  around 
time  is  detertained  by  adding  TRNERR  to  10,719  microseconds.  If  the  TM  is  in  the 
Bumper  Mode  words  K4  and  K5  are  set  to  zero. 

14.7.2.35.5  Word  K5  - TRNERR  N 

Word  K5  represents  the  8 least  significant  bits  of  turn  around  error  for  scan  N. 
Decoding  of  this  word  is  defined  in  the  previous  paragraph. 

14.7.2.35.6  Word  K6  - TORPLS  - N 

Word  K6  in  concatenation  with  word  K7  represents  the  turn  around  torque  pulse 

width  for  scan  N.  Word  K6  provides  the  8 MSB's  with  bit  0 being  the  most 

significant.  Decoding  of  the  combined  word  is  "to  be  defined". 

14.7.2.35.7  Word  K7  - TORPLS  N 

Word  K7  represnts  the  8 least  significant  bits  of  the  turn  around  torque  pulse 
width  for  scan  N.  Decoding  of  this  word  is  defined  in  the  previous  paragraph. 

14.7.2.35.8  Word  K3  SHSERR  N-1 

This  word  concatenated  with  word  K9  represents  the  second  half  scan  error  for 
scan  N-l.  The  most  significant  bit  the  combined  word  (Word  K8  bit  0)  is  a 
sign  bit  ( 0 " plus,  I “ minus).  The  remaining  I*'  bits  (Word  K8  bit  1 through 

Word  K9  bit  7)  represent  the  magnitude  of  the  time  error  from  midscan  to  end 

scan.  Positive  errors  are  binary  encoded  while  negative  errors  are  encoded  as 
two's  complement.  Second  half  scan  error  in  microseconds  is  determined  by: 

SHSERR  - (C0UNTS)^q(1/84.903)(16) 

Where  (COUNTS)  is  the  decimal  equivalent  of  the  magnitude.  The  second  half  scan 
time  can  determined  by  adding  the  error  to  the  nominal  time  of  161,165  clock 
pulses  or  30,378.38  microseconds.  When  the  TM  is  operated  in  the  Bumper  Mode, 
words  K8  and  K9  are  set  to  zero. 

14.7.2.35.9  Word  K9  - SHSERR  N-l 

This  word,  wf concatenated  with  word  K8,  represents  the  second  half  scan  error 
associated  wich  scan  N-l.  Word  K-9  contains  the  8 least  significant  bits  of 
SHSERR  N-l  and  is  decoded  as  defined  in  the  previous  paragraph. 

14.7.2.35.10  Word  KIO  - FHSERR  N-l 

This  word  concatenated  with  word  Kll  represents  the  first  half  scan  error  for 
scan  N-l.  The  most  significant  bit  of  the  combined  word  (KIO  bit  0)  Is  a sign 
bit  (0  ■»  plus  1 “ minus).  The  remaining  15  bits  (KIO  bit  1 through  Kll  bit  7) 

represent  the  magnitude  of  the  time  error  from  start  scan  to  midscan.  Positive 
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errors  are  binary  encoded  and  negative  errors  are  encoded  as  two  complements. 
The  first  half  scan  error  In  mlcorseconds  is  determined  as: 

FHSERR  - (C0UNTS)^g(l/84,903)  (16) 

where  (COUNTS)^^^  is  the  decimal  number  of  clock  pulses.  The  first  half  scan  uime 
can  be  determined  by  adding  Che  error  to  the  nominal  tin®  of  161,164  clock 
pulses  or  30,364.82  microseconds.  When  the  TM  is  operated  in  the  Bumper  Mode 
words  KIO  and  Kll  are  set  to  zero. 

14.7.2.35.11  Word  Kll  - FHSERR  N-1 

This  word  concatenated  with  word  KIO  represent  the  first  half  scan  error  for 
scan  N-1.  Word  Kll  provides  the  8 least  significant  bits. 

14.7.2.35.12  Word  K12  - SUMERR  H-1 

This  word  concatenated  with  words  K13  and  K14  represents  the  sum  of  errors  for 
scan  N-1.  Word  Kl2  provides  the  8 most  significant  bits.  Decoding  of  the  sum  of 
errors  is  to  be  defined. 

14.7.2.35.13  Word  K13  - SUMERR  N-1 

This  word,  concatenated  with  words  K12  and  Kl4,  represent  the  sum  of  errors  for 
scan  N-1.  Word  K13  provides  the  central  8 significant  bits  of  the  resulting  24 
bit  word.  The  sum  of  error  word  is  decoded  as  defined  in  the  preceeding 
paragraph. 

14.7.2.35.14  Word  K14  - SUMERR  N-1 

This  word  concatenated  with  words  K12  and  K13  represents  the  sum  of  errors  for 
scan  N-1.  Word  Kl^  provides  the  8 least  significant  bits  of  the  resultant  J24 
bit  word.  The  word  is  decoded  as  defined  in  Paragraph  14.7.2.35.12. 

14.7.2.35.15  Word  K15  - SCNCTR 

This  word,  concatenated  with  word  K16,  represents  the  number  of  scan  pairs  (1 
forward  and  1 reverse  scan)  since  Che  scan  nurror  assembly  entered  Che  closed 
loop  mode.  The  combined  16  bit  word  represents  a binary  encoded  number  with  word 
K15  bit  0 being  the  most  significant  bit  and  word  K16  bit  7 . being  the  least 
significant  bit.  The  counter  increments  following  a reverse  scan. 

14.7.2.35.16  Word  K16  - SCNCTR 

This  word  concatenated  with  word  K15  represents  Che  number  of  scan  pairs  since 
the  scan  mirror  assembly  entered  the  closed  loop  mode.  Decoding  is  defined  in 
the  preceeding  paragraph. 
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14.7.2.35.17  Word  K17  - SCANLIN  N-1 

This  word  represents  the  scan  linearity  pulse  frequency  for  scan  N-1  and  is 
decoded  as  defined  in  Paragraph  14,7.2.35.3. 

14.7.2.35.18  Word  K1  - TRNERR  N-1 

This  word,  concatenated  with  word  K19,  represents  the  turn  around  time  error 
associated  with  scan  N-1  Word  K18  provides  the  8 most  significant  bits  of  the 
combined  word  and  is  decoded  as  defined  in  Paragraph  14.7.2.35.4. 

14.7.2.35.19  Word  K19  - TRNERR  N-1 

This  word  concatenated  with  word  K18  represents  the  turn  around  time  error 
associated  with  scan  N-1.  Word  K19  provides  the  8 least  significant  bits  of  the 
combined  word  and  is  decoded  as  defined  in  Paragraph  14.7.2.35.4. 

14.7.2.35.20  Word  20  - TORPLS  N-1 

This  word  concatenated  with  word  K21  represents  the  turn  around  torque  pulse. 
Width  for  scan  N-1.  Word  K20  provides  the  8 most  significant  bits  of  the 
combined  word  and  is  decoded  as  defined  in  Paragraph  14.7.2.35.6. 

14.7.2.35.21  Word  21  - TORPLS  N-1 

This  word  concatenated  with  word  K20  represent  the  turn  around  torque  pulse 
width  for  scan  N-1.  Word  K21  provides  8 least  significant  of  the  combined  word 
and  is  decoded  as  defined  in  Paragraph  14.7.2.35.6. 

14.7.2.35.22  Word  K22  - SHSERR  N-2 

This  word  concatenated  with  word  K23  represents  the  second  half  scan  error 

associated  with  scan  N-2.  Word  K22  provides  the  8 most  significant  bits  of  the 

combined  word  and  is  decoded  as  defined  in  Paragraph  14.7.2.35.8. 

14.7.2.35.23  Word  K23  - SHSERR  N-2 

This  word  concatenated  with  word  K22  represents  the  second  half  scan  error 

associated  with  scan  N-2.  word  K23  provides  the  8 least  significant  bits  of  the 
combined  word  and  is  decoded  as  defined  in  Paragraph  14.7.2.35.8. 

14.7.2.35.24  Word  KZ4  - FHSERR  N-2 

This  word  concatenated  with  word  K25  represents  the  first  half  scan  error 

associated  with  scan  N-2.  Word  K24  provides  the  8 most  significant  bits  and  is 

decoded  as  defined  in  Paragraph  14.7.2.35.10. 
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14.7.2.35.25  Word  K25  - rHSERR  H-2 

This  word,  concatenated  with  word  K24,  represents  the  first  half  scan  error 
associated  with  scan  N"2.  Word  K25  ptovidas  the  8 least  significant  bits  of  the 
combined  word  and  is  decoded  as  defined  in  Paragraph  14.7.2.35.10. 

14.7.2.35.26  Word  K26  - SUMERR  N-2 

This  word,  concatenated  with  words  K27  and  K28,  represents  the  sum  of  errors  for 

scan  N-2.  Word  IC26  provides  the  8 most  significant  bits  of  the  combined  word  and 

is  decoded  as  defined  in  Paragraph  14.7.2.35.12. 

14.7.2.35.27  Word  K27  - SUMERR  N-2 

This  word,  concatenated  with  words  K26  and  K28,  represents  the  sum  of  errors 

associated  with  scan  N-2.  Word  K27  provides  the  8 central,  bits  of  the  combined 
24  bit  word,  and  is  decoded  as  defined  in  Paragraph  14.7.2.35.12. 

14.7.2.35.28  Word  K28  - SUMERR  N-2 

This  word,  concatenated  with  words  K26  and  K27 , represents  the  sum  of  errors 

associated  with  scan  N-2.  Word  K28  provides  the  8 least  significant  bits  of  the 
combined  word  and  is  decoded  as  defined  in  Paragraph  14.7.2.35.12. 

14.7.2.35.29  Word  K29  - SCNTYM  N-2 

This  word  concatenated  with  words  K30  and  K31  represents  the  time  required  for 
scan  N-2.  Word  K29  provides  the  8 most  significant  bits  of  the  combined  word. 
Decoding  of  scan  time  is  to  be  defined. 

14.7.2.35.30  Word  K30  - SCNTYM  N-2 

This  word  concatenated  with  word  K29  and  K31  represents  the  scan  time  required 
for  scan  N-2.  Word  K30  provides  the  central  8 bits  of  the  combined  24  bit  word 
and  is  decoded  as  defined  in  the  previous  paragraph. 

14.7.2.35.31  Word  31  - SCNIYM  N-2 

This  word  concatenated  with  words  K29  and  K30  represents  the  time  required  for 
scan  N-2.  Word  K31  provides  the  8 least  significant  bits  of  the  combined  word 
and  is  decoded  as  defined  in  Paragraph  14.7.2.35.29. 

14.7.2.35.32  Word  K32  - TBD 

This  word  is  undefined  but  determined  to  be  "OOOlliU"  during  unit  testing. 
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14.7.2.35.33  Word  K33  through  K128 
These  words  ae  unused. 

14.7.2.36  Serial  Telemetry  Word  L (Ti;roPJ3L) 

This  telemetry  word  monitors  the  status  of  the  DC  Restore  Selection,  Telemetry 
Scaling,  SMA  Heaters,  Midscan  Code  and  Scan  Mirror  Central  Mode.  TWORDL  is 

defined  as: 

Bit  Weight  2^  2^  2^  2^  2^  2^  2^  2° 

User  ID  < TM112-- > 

Bit  ID  SO  SI  S2  S3  S4  S5  S6  S7 

The  bits  comprising  TWORDL  are: 

Bit#  Function 

DC  Restore  Backup/Normal 
DC  Restore  Frame/Not 
Telemetry  Scaling  On/Cff 
SMA  +Z  Heater  Eriabled/Dlsabled 
SMA  -Z  Heater  Enabled/Disabled 
Midscan  Pulse  On/Off 
SAM  to  SME  1/2 
Spare  Bit  “ 1 

14.7.2.37  DC  Restore  Status  (TDCRSTAT) 

This  telemetry  function  monitors  the  selection  of  DC  restoration  signal  to  be 
used  for  band  6 processing.  TDCRSTAT  is  defined  as: 

Bit  Weight  2^  2° 

User  ID  TM112  TM112 

Bit  ID  SO  SI 

The  event  logic  associated  with  TDCRSTAT  is: 

DC  Restore  TDCRSTAT 

Mode  State 

Normal  0 0 

Backup  1 0 

Frame  * 1 

* don't  care  (1  or  0) 
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The  telenKtry  Is  derived  as  shown  In  Figure  14.7-60.  TM112  (SI)  defines  the 
state  of  the  Frame  DCR  select  rely.  A logic  1 indicates  that  the  DC  restoration 
signal  is  being  derived  from  the  Frame  temperature.  A logic  zero  indicates  that 
the  DC  restore  signal  la  being  derived  from  the  calibration  or  backup  shutter 
temperature.  TM112  (S0)  defines  the  state  of  calibration  shutter/backup  shutter 
DCR  selection  relay.  A logic  0 indicates  that  the  DC  .restoration  signal  is 
derived  from  the  calibration  shutter  temperature  (if  Frame  DCR  has  not  been 
selected).  A logic  1 indicates  that  the  temperature  of  the  backup  shutter  is  the 
source  of  the  DC  restoration  signal  (again  assuming  Frame  DCR  has  not  been 
selected.  TDCRSTAT  may  be  utilized  in  the  verification  of  Che  following 
commands . 


Command  TDCRSTAT 


Number 

Acron3Tn 

State 

706 

CSHTRON 

0 0 

803 

BUSHTRON 

1 0 

732 

DMAGOFF 

* 1 

* don't  care  (1  or  0) 


TDCRSTAT  is  valid  only  if  DCR  is  On. 

14.7.2.38  Telemetry  Sealing  and  DC  Restore  Status  (TTLMSCAL) 

This  telemetry  function  monitors  the  status  of  the  telemetry  scaling  and  DC 
restoration  circuits.  TTLMSCAL  is  defined  as: 

Bit  Weight  2°  ! 

User  ID  TM112 

Bit  ID  S2 

The  event  logic  associated  with  TTLMSCAL  is: 


Telemetry  Scaling  TTLMSCAL 
& DC  Restoration  State 


On  1 

Off  0 


The  telemetry  is  derived  as  shown  in  Figure  14.7-64.  TM1I2  (S2)  monitors  the  +12 
volt  output  of  the  telemetry  scaling  regulator.  A logic  i indicates  +19  volt 
power  has  been  applied  to  telemetry  scaling  +12  volt  rgulators  and  it  can  be 
assumed  Chat  the  DCR  +12  volt  rezulators  are  powered.  A logic  zero  indicating 
that  +19  volt  power  has  been  reaove'  from  the  reguJaiors. 
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TTLMSCAL  may  be  used  in  the  verification  of  the  following  commands. 


Command 

TTLMSCAL 

Number 

Acronym 

State 

801 

TLMSCLON 

1 

742 

DCRTMOFF 

0 

Scan  Mirror 

Control  Status 

(TSAMSEL) 

This  telemetry  function  monitors  the  selection  status  of  the  scan  mirror  control 
mode.  TSAMSEL  is  defined  as: 

Bit  Weight  2® 

User  ID  TM112 

Bit  ID  S6 


The  event  logic  associated  with  TSAMSEL  is: 


Scan  Mirror  TSAMSEL 

Mode  State 


SAM  1 to  SME  1 1 

SAM  2 to  SME  2 0 


The  telemetry  is  derived  as  shown  in  Figure  14.7-65.  TM112  (S6)  defines  the 
power  state  of  the  buffer  amplifiers  that  supply  mirror  position  signals  to  scan 
mirror  Electronics  (SME)  ffl . A logic  1 Indicates  that  the  buffer  which  provide 
SAM  (Scan  Angle  Monitor)  signals  to  SME  1 and  magnetic  pick-up  derived  signals 
to  SME  2 have  been  powered.  A logic  zero  indicates  that  the  buffers  that  supply 
SAM  derived  signals  to  S!iE  2 and  nagnetlc  pick-up  derived  signals  to  SME  1 have 
been  selected. 


TSAMSEL  may  be  utilized  in  the  verification  of  the  following  commands. 


Command 

TSAMSEL 

Number 

Acronym 

State 

750 

SELSAMl 

1 

831 

SELSAM2 

0 

14.7.3  TM  TELEMETRY  DERIVATION  SCHEMATICS 

The  following  figures  depict  the  telemetry  derivation  circuits  referenced  in  the 
preceding  paragraphs.  The  figures  are  arranged  by  figure  number  and  do  not  have 
page  numbers.  For  ease  of  understanding,  the  figures  may  be  Inserted  in  the 
appropriate  locations  in  Paragraphs  14.7.1  and  14.7.2. 
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Figure  14.7-2.  +19V  High  Current  Bus  Monitor 
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Figure  14.7-4,  +8V  Bus  Monitor 
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Figure  14.7-6.  +33V  Bus  Monitor 
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Figure  14.7-8.  Bund  1 thiu  6 +19V  Monitor 
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Figure  14.7-9.  Band  1 thru  6 -19V  Monitor 
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Figvuo  1 A. 7-11.  SMA  4ft. 8V  Monitors 
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Figure  14.7-12.  SMA  ±27V  Monitors 
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Figure  14,7-13.  MUX  +30V  Konlt 
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Figure  14.7-14.  MUX  Input  Current  Monitor 
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Figure  14.7-16.  Multiplexer  +5V  Monitor 
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Figure  14.7-18.  Multiplexer  -3V  Monitor 
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Figure  14.7-19.  iiultip lexer  -5V  Monitor 
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Figure  14.7-20.  Multlpl  er  -13V  Monitor 
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Figure  14.7-24.  SLC  +5V  Monitor 
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Figure  14.7-25.  Calibration  Lamp  Current  Monitor 
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Figure  14.7-26.  Blackbody  Heater  Current  Monitor 
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Figure  14.7-27,  Baffle  Heater  Current  Monitor 
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Figure  14.7-28.  Cold  Stage  Heater  Current  Monitor 
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Figure  14.7-29.  Inchworm  Position  Monitor 
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Figure  14.7-30.  Blackbody  Temperature  Monitor 
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Figure  14.7-31.  SIFP  Temperature  Monitor 
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Figure  14.7-34.  Ir. termediate  Stage  Temperature  Monitors 
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Figure  14.7-36.  CFPA  Heater  Current  Monitor 
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Figure  14.7-38.  Type  1 Temperature  Monitor 
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Figure  14.7-39.  Tyep  2 Temperature  Monitor 


FENWAL 

K2622 


ORIGINAL  PAGE  IS 

OF  POOR  QUALITY  31 


*TM-76,  77,  78,  83,  98,  99 


SVS-10266 
Deceaber  1981 


Figure  14.7-AO.  Type  3 Temperature  Monitor 
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Figure  14.7-41.  Serial  Digital  Telemetry  Word  Derivation 
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Figure  1 A. 7-42.  Thermal  Shut  Dowi  Status  Monitor 
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Figure  14.7-46.  Band  1 thru  7 Status  Monitor' 
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Figure  14. 7- T9.  Door  Latch  Status  Monitor 
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SECTION  15 

GLOBAL  POSITIONING  SYSTEH 

The  Global  Positioning  System  (GPS)  provides  the  LANDSAT-D  and  LANDSAT-D  Prime 
with  an  automatic  on-board  spacecraft  navigation  system.  The  GPS  consists  of  a 
constellation  of  navigation  satellites  knovm  as  Navigation  Development 
Satellites  (NDS)  and  a GPS  Subsystem  located  on-board  the  spacecraft.  The  GPS 
Subsystem  processes  signals  received  concurrently  from  up  to  four  NDS's.  Based 
upon  measurements  made  on  these  signals,  the  GPS  Subsystem  computer  estimates 
the  spacecraft's  three  dimensional  position  and  velocity  vectors  at  a specific 
point  in  time.  The  GPS  time  is  essentially  the  UTC  (Universal  Time  Coordinated) 
measured  in  seconds  since  Saturday  midnight  at  which  time  the  GPS  time  is  reset 
(presently,  the  GPS  time  is  offset  by  UTC  by  3 seconds). 

All  of  the  planned  NDS's  may  not  be  in  orbit  when  the  LANDSAT-D  or  the  LANDSAT-D 
Prime  is  launched  and  there  may  be  times  when  no  Navigation  Development 
Satellites  are  in  view.  During  the  time  when  leas  than  the  required  number  of 
satellites  are  in  view,  the  GPS  Subsystem  will,  under  software  control,  switch 
to  a propagate  mode;  and  based  upon  past  data,  propagate  the  current  navigation 
solution  (state)  forward  in  time. 

The  GPS  Subsystem  perlodicaJly  (nominally  once  every  6 seconds)  outputs  the 
current  navigation  state  to  the  spacecraft  Communication  and  Data  Handling 
(C&DH)  subsystem  for  use  by  the  spacecraft  on  board  computer  (OBC) . The  OBC 

transforms  the  navigation  updates  into  the  proper  coordinate  systems  which  are 
utilized  by  the  attitude  control  system,  and  for  the  computation  of  the  high 
gain  antenna  pointing  angles.  The  position,  velocity  and  time  data  are  also 
downlinked  via  telemetry  for  use  by  the  ground  station. 

The  Ionosphere  can  affect  the  propagation  times.  The  GPS  satellites  send  the 
navigation  data  on  two  separate  carriers  referred  to  as  L.  and  L2  carrier 
frequencies.  The  GPS  Subsystem  measures  the  pseudorange  and  delta  pseudorange 
on  both  the  L^  and  L2  frequency  signals,  estimates  the  error  caused  by  the 
ionosphere  and  applies  the  appropriate  correction  factors  to  the  Lj^  carrier 
measurements. 

Landsat-D  is  one  of  the  first  NASA  spacecraft  scheduled  to  carry  the  GPS,  and  a 
period  of  several  months  is  planned  for  evaluation  and  experlmenation . 
Ephemeris  accuracies  will  be  validated  and  the  overall  performance  of  the  GPS 
Subsystem  will  be  assessed.  The  GPS  ubsyscern  will,  on  coraoiand,  output  a series 
of  data  files  Including  a complete  memory  dump  which  in  the  event  of 
contingencies,  can  be  used  for  diagnostics. 
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15.1  GPS-SP3SYSTEM  FUNCTIONAL  DESCRIPTIOH 

The  GPS  Subsystem  consists  of  the  components  shown  In  Figure  15.1“l.  The 
Receiver/Processor  Assembly  (R/PA)  includes  the  processor  computer  which 
computes  the  navigation  solution  (state),  controls  the  receiver  configuration 
and  controls  the  operation  of  the  system.  The  following  subsections  describes 
the  function  of  each  of  these  components: 

15.1.1  L1/L2  ANTEMNA 

The  GPS  antenna  receives  both  the  LI  and  L2  frequency  signals.  It  is  mounted  on 
the  boom  that  supports  the  TDRSS  high  gain  antenna  and  except  for  blockage  due 
to  the  boom,  the  LI/L2  Antenna  provides  a general  hemispherical  pattern. 

15.1.2  L1/L2  PREAMPLIFIERS 

The  dual  channel  preamplifier  filters  the  LI  and  L2  frequency  signals  and 
provides  front'end  gain.  It  consists  of  two  preselection  RF  filters  each 
followd  by  a low  noise  RF  amplifier.  The  LI  and  L2  frequency  signals  are 
electrically  isolated  in  the  preamp  and  recombined  to  form  the  input  into  the 
Splitter . 


15.1.3  REFERENCE  OSCILLATOR 

The  reference  oscillator  is  an  ultra-stable  oscillator  similar  to  the 
Communications  & Data  Handling  Subsystem  (C&DH)  external  oscillator.  The  GPS 
Subsystem  Oscillator  provides  the  precision  master  5.115  MHz  frequency  signal 
source  used  throughout  the  GPS  Subsystem  for  frequency  synthesizes  and  timing. 
Even  though  there  are  commands  to  select  either  oscillator  ffl  or  #2,  there  is 
only  one  CPS  Subsystem  oscillator  aboard  Landsat-D  or  Landsat-D  Prime  and  it  is 
referred  to  as  oscillator  ^^1 . 

The  oscillator  telemetry  parameters  consist  of  oven  temperatures,  oscillator 
case  temperatures,  regulator  voltages  and  heater  voltages. 

The  oscillator  requires  about  2 hours  to  stabilize  prior  to  entering  a 
navigation  mode. 
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15.1.4  GPS  SUBSYSTEM  RECEIVERS 

The  R/PA  contains  two  Receivers  either  of  which  can  track  signals  from  a 
particular  NDS.  Each  receiver  Is  a triple-conversion,  single  VCXO  design  which 
contains  a carrier  tracking  (COSTAS)  loop,  a code  tracking  loop,  and  the  data 
detection  (demodulation)  circuitry.  Also,  each  receiver  contains  Its  own 
frequency  synthesizer  which  inputs  the  5.115  MHz  Reference  Oscillator  signal  and 
generates  all  of  the  single  frequency  signals  required  for  frequency  conversion. 

The  GPS  Receivers  are  phase  detectors  and  the  receiver  functional  description 
starts  with  a definition  of  the  intrensic  properties  of  the  signals  to  be 
processed  (locked  onto  and  tracked).  NDS  transmit  two  navigation  signals:  A 

Primary  Navigation  Signal  which  is  transmitted  on  the  LI  frequency  carrier  and  a 
Secondary  Navigation  Signal  which  is  transmitted  on  the  L2  frequency  carrier. 
The  LI  signal  is  a composite  wave  made  up  of  a Precision  (P)  Signal  and  a 
Coarse/Acquisition  (C/A)  Signal.  Both  the  P-Slgnal  and  the  (C/A)  Signal  are 
transmitted  simultaneously  on  the  LI  carrier  and  one  or  the  other  is  transmitted 
on  the  L2  carrier.  The  system  navigation  data  are  transmitted  at  all  times  on 
both  the  LI  and  L2  frequency  carriers. 

The  P-Signal  is  a continuous  sinusoidal  wave  that  is  biphase  modulated  according 
to  Che  Modulo-2  sum  of  a PN  code  and  a synchronous  data  bit  stream.  At  any 
point  in  tima,  each  NDS  will  transmit  a unique  P-Code.  The  (C/A)  Signal  is  a 
continuous  sinusoidal  wave  that  is  in  quadrature  with  the  P-Signal.  It  is 
biphase  modulated  with  the  Module-2  sum  of  a 1023  bit  Gold  code  sequence  and  a 
synchronous  data  bit  stream.  One  of  the  36  unique  codes  within  the  1023  bit 
Gold  code  will  be  used  as  the  (C/A)  signal. 

The  receiver  processing  function  (software)  monitors  the  receiver  operation  and 
performs  the  receiver  control  functions.  It  controls  the  receiver  hardware 
modes  required  to  do  the  following:  search,  detect,  pull  in  and  track,  the 

signal  transmitted  by  a particular  Navigation  Development  Satellite.  It  also 
assembles  the  hardware  demodulated  50  bps  data  into  raw  30  bit  data  words. 

The  R/PA  Processor  memory  retains  the  almanac  data  for  the  spacecraft  and  for 
each  NDS.  The  initial  almanacs  are  uplinked  by  R/PA  Data  Command  Messages.  See 
Paragraph  15.6,  Command  Processing  which  defines  the  commands  used  to  upload  the 
initial  almanacs. 

The  GPS  measures  the  distance  and  velocity  of  each  KDS  relative  to  r.b,e  GPS 
Subsystem  on-board  the  spacecraft;  and  based  upon  these  measurements,  th  GPS 
subsystem  estimates  the  Spacecraft's  position  and  velocity  at  a specific  point 
in  time.  The  pseudorange  and  delta  pseudorange  are  the  measurements  before  the 
time  clock  correction. 

The  GPS  Receiver  acquires  the  signal  from  the  selected  NDS  as  follows: 
Initially  the  Processor,  based  upon  the  almanacs  stored  in  memory,  computes  the 
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pseodoi'ange  and  delta  pseudoranga  for  the  selected  satellite.  The  receiver  uses 
this  information  to  pre-position  the  receiver  VCXO  to  tlie  expected  doppler  and 
dopplar  rate. 

The  receiver  can  acquire  an  NDS  signal  when  the  initial  expected  values  are  as 
gross  as  200  km  and  200m/s  (3-sigma  error).  The  initial  clock  value  stored 

(set)  in  the  Time  Code  Generator  by  R/PA.  Data  Coramand  can  be  as  gross  as  2 
seconds  when  the  discrete  command  TCG  Run  is  issued. 

The  receiver  searches  the  uncertainty  region  until  it  obtains  a carrier  lock  and 
a clear  (C/A)  code  lock  is  detected.  Tl.e  receiver  includes  an  AFC  loop  which 
speeds  up  the  initial  carrier  search- 

Once  the  Receiver  acquires  an  NDS,  the  R/PA  collects  precise  ephemerls 
information  for  the  acquired  NDS  and  can,  if  necessary,  collect  less  precise 
almanacs  for  other  satellites  in  the  NDS  constil lation.  Following  P-code  lock 
and  bit  sync,  the  ephemeris,  time  correction,  almanac  and  health  status  are  all 
read  into  the  processor.  The  Aiiuanac  Collection  is  controlled  by  R/PA  Data 
Command  Message  as  follows: 

1.  Permanent  Collection  - continues  to  read  NDS  almanac  data  until 
commanded  OFF  (Receiver  Test  Mode  only). 

2.  Temporary  Collection  ~ continues  to  read  NDS  Almanac  data  until  a 

complete  new  almanac  is  collected  (all  navigation  modes  except  the 
Receiver  Test  Mode). 

3.  Periodic  Collection  - continues  to  read  NDS  almanac  data  until  a 

complete  new  almanac  is  collected  at  N hour  Intervals  - not  less  than 
a three  hour  interval  (Space  Mode  Only). 

During  normal  operation,  the  complete  NDS  almanac  is  automatically  updated  once 
a week. 

This  completes  the  description  of  the  housekeeping  function.  The  Receiver's 
function  to  measure  the  pseudorange  and  delta  pseudorange  used  to  update  the 
Spacecraft  Navigation  State  are  considered  next. 

The  two  GPS  receivers  can  be  used  either  singlely  or  together.  The  receivers 
consutse  about  40  watts  in  the  dual  channel  mode  and  about  32  watts  in  the  single 
channel  mode.  During  normal  operation  only  one  receiver  Is  powered  and  the  LI 

and  L2  taeasurements  are  made  sequentially  as  shown  In  Figure  15.1-2.  In  this 

mode,  the  R/PA  dwells  for  six  seconds  on  each  NDS  with  approximately  half  of  the 
time  spent  on  each  frequency.  However,  in  three  seconds  the  spacecraft  will 
have  moved  along  Its  track  and  the  Ionospheric  conditions  could  have  changed 
slightly.  Consequently,  both  receivers  can  be  powered  and  the  LI  and  L2 
frequency  measurements  made  simultaneously,  see  Figure  15.1-3.  The  dual 
receiver  mode  provides  more  accurate  ionospheric  corrections  at  the  expense  of 
about  8 watts  of  power. 
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Figure  15.1-2.  Single  Channel  NDS  Sequential  Track 
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Figure  15.1-3.  Dual  Channel  NDS  Sequential  Tr&c.<- 
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3.  Management  of  the  dual  channel  receiver  hardware  to  * ' 

acquire  and  track  NDS  signals  based  on  uplinked  ln£ormatJ<>*  » I , 
estimates  c£  current  and  predicted  NDS  and  Landsat-D  pos'^'  ' ^ ^ 

channel  of  the  receiver  is  selected  by  command  as  the  prjs**  '^>'  u 
the  other  (if  selected)  is  the  secondary  channel.  .1 

navigation  data  are  obtained  from  the  primary  channel,  < % 

measurements  of  pseudo  range  ft  ’ delta  pseudorange  are  | ^ , 

any  selected  channel, 


15.3.2.3  Almanac  Collect  Mode  Processor 

The  R/PA  processor  requires  an  almanac  for  both  the  Spd'-^' 
Navlgation  Development  Satellite  before  it  ran  acquire  the  r-  - 
Landsat-0  Almanac  is  uploaded  by  R/PA  Data  Comm;m<!  type  5 and  tlif-  ‘ ' 
are  initially  uploaded  by  R/PA  Data  Command  type  6.  Each  f'' 
almanac  for  all  Navigation  Development  Satelllteu,  a®d  the  NDS  ' 

obtained  by  demodulating  the  signal  from  the  NDS  currently  being  » 

15.3.2.4  Sequential  Track  State  Processor 

Each  NDS  continuously  transmits  Information  im  both  the  li  ^ 
frequencies.  The  sequential  track  state  processcH  the  two  carrlt..  ' 
In  this  state  the  monitor  controls  the  fixed  dwell  times  used  m.  * 
of  NDS  signals;  provides  regular  telemetry  using  the  telf"-'/ 
function;  the  BIT  background  self  test  loop  regul.iily  cherks  sv-i  • 
the  monitor  regularly  invokes  the  s.-itellite  afl.-rt:ton  fuuctin.. 
up  to.  four  NDS  satellites  that  are  to  be  used  coucurient  1 / tiy  ’ ■ 
f unct Ion . 

Navigation  state:  When  the  GPS  Subsystem  In  tracking  the 

number  of  satellites,  the  receiver  measures  ttiu  ,pseudorange  ' •• 
pseudorange.  The  navigation  function  reads  the  available  ..e---' 
updates  the  navigacion  state. 

15.4  CONSTRAINTS  GPS-SUBSYSTEM 

1.  The  GPS-Subsystem  has  only  one  Reference  Oscillator  Ire  > 

called  for  in  the  literature.  The  Discrete  Pulse  

Select  Oscillator  02  should  not  bo  used  r.lnra  'he  •••■ 

included  in  the  LANDSAT-D  or  LANDSAT-U  I'rlme  G\'S  Sii!'.-;  y ‘ 
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4.  Navigation  filter  processing  which  inputs  the  measurements  on  a number 
of  NDS  and  forms  an  optimized  estimate  of  the  spacecraft's  position 
vector  and  velocity  vector  at  a specific  point  in  time- 

5.  Downlink  transmission  of  system  output  telemetry  including  Landsat-D 
position,  velocity  and  NDS  system  time,  time  code  generator  (TCG) 
information,  pseudorange  and  delta  pseudorange  measurements,  and 
status  information,  all  at  intervals  selectable  by  command. 

6.  BIT  (Built  In  Test  function)  diagnosis  that  includes  processor  CPU  and 
memory  testing  and  reporting. 

15.2.2  GPS  PROCESSOR  SOFTWARE  REQUIREMENTS 

The  R/PA  software  is  required  to  perform  the  following  twelve  functions; 

1.  System  Monitor:  The  R/PA  system  monitor  controls  the  following;  1) 
The  orderly  transiton  between  the  various  R/PA  subroutines,  2)  The  NDS 
selection  function  determines  which  satellites  are  in  view  and  selects 
the  best  combination  of  satellites  to  process,  3)  Demodulates  the  NDS 
telemetry  dcta  blocks  for  data  collection,  4)  Error  recovery  when  the 
R/PA  fails  to  acquire  a scheduled  satellite  signal,  and  5)  the 
sequences  required  to  acquire  and  track  a selected  satellite. 

2.  Command  processing:  When  the  R/PA  enters  Comraand  Koda,  the  command 
processing  function  accepts  R/PA  Data  Coa-mands  used  to  upload  the 
information  required  to  initialize  the  R/PA  control  function  and  to 
load  data  in  the  R/PA  processor  memory. 

3.  Telemetry  processing;  Telemetry  processing  function  transmits  the 
critical  telemetry  to  the  spacaecraft  C&DH  subsystem.  The  R/PA 
generates  a series  of  data  files  which  contains  additional  data  on  the 
R/FA  operation.  Upon  request  by  previously  uploaded  Data  Command,  the 
telemetry  function  outputs  to  telemetry  any  previously  requested 
Serial  Data  Files. 


4.  Receiver  processing;  The  receiver  processing  routine  sets  the 

receiver  hardware  configuration,  controls  the  VCO  frequency,  enables 
the  hardware  control  loops,  and  monitors  the  receiver  hardware  as 
required  to  acquire  and  track  selected  NDS  signals.  It  computes 
pseudorange  and  delta  pseudorange  corrected  for  ionospheric  conditions 
and  as  required  demodulates  the  NDS  telemetry  data. 

3-  Satellite  Data  Collection:  The  Satellite  data  gatherine  function 

collects  the  ephemeris  and  almanac  data  as  received  from  the  current 
NDS  telemetry.  It  also  provides  GPS  clock  correction  data  and  parity 
checking  during  the  collection  of  NDS  telemetry. 
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6.  Navlgaclon  function:  The  navigation  function  accumulates  all  NDS 

meaaureinan.t  data  and  provides  a Kalman  filter  best  estimate  of  the 
LANDSAT-D's  position  and  velocity  at  a specified  point  in  tiias.  This 
processing  occurs  after  each  new  NDS  measurement. 

7.  Satellite  selection:  The  R/PA  receiver  can  process  concurrently  up  to 

four  NDS  signals.  The  satellite  selection  function,  based  upon 

available  almanac  data,  selects  the  best  combination  of  Navigation 
Development  Satellites  to  be  used  in  the  navigation  solution. 

8.  Built-In  Test:  The  Built-In  Test  function  provides  the  power-up 

sequences  for  the  R/PA  software,  error  interrupt  processing  and 
background  self-test  that  verifies  critical  memory. 

9‘.  Executive  program:  The  executive  programs  is  a multitasking  program 

that  schedules  the  system  tasks  to  be  performed. 

10.  Satellite  position:  The  satellite  position  computation  function  reads 

the  NDS  almanac  data  and  computes  the  relative  position  of  the  NDS. 

11.  Time  Code  Generation:  The  TCG  processings  detects  the  occurance  of 

events  that  require  time  code;  and  based  upon  the  45  bit  TCG, 
determines  the  time  Che  events  occurred. 

15.3  GPS  SUBSYSTEM  MODES  OF  OPERATION 

The  R/PA  Software  can,  by  means  of  command  processing,  be  placed  in  any  one  of 
the  following  operational  modes:  OFF,  STANDBY,  LOAD,  GROUND  COMMANDED  PROPAGATE 
(GCP),  ALMANAC  COLLECT,  SPACE,  RECEIVER  TEST  MODE  (RTM),  GROUND  and  CAI.IBRATE 
(CAL).  The  features  of  each  mode  of  operation  are  summarized  as  follows: 

1.  OFF  Mode.  No  power  to  the  R/PA.  Any  program  or  data  in  the  56K  word 
RAM  memory  is  lost. 

2.  STANDBY  Mode.  Power  is  supplied  to  the  oscillator,  preamp,  and  the 
memory.  When  entered  from  the  OFF  mode,  STANDBY  is  used  to  warm  the 
oscillator  to  its  stable  temperature  in  preparation  for  operation  in  a 
navigation  mode.  It  will  require  up  to  two  hours  for  the  oscillator 
temperature  to  stabilize.  When  entered  from  the  COMMAND  mode,  STANDBY 
serves  as  the  mode  wherein  the  program  is  maintained  in  memory,  but 
power  is  conserved  by  removing  power  from  the  central  processing  unit 
(CPU),  memory  controllers,  and  Interface  modules.  Power  is  supplied  to 
the  external  oscillator,  the  UT  clocks  and  the  TCG,  and  if  previously 
established,  the  TCG  is  maintained.  Uploading  Discrete  Command  P3 
(Main  Power  On)  causes  the  R/PA  to  transfer  (jump)  to  the  Load  Mode, 
or  to  the  Command  Mode,  if  the  Set  was  placed  in  Standby  from  the 
Command  Mode. 
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3.  LOAD  MODE.  The  LOAD  MODE  Is  the  mode  used  to  load  the  R/PA  software 
and  the  data  base  into  the  RAM  memory.  The  loader  program  does  not 
monitor  the  solid  state  latches  set  by  the  Discrete  Comtaands.  Only 
the  Loader  Comtssands  and  the  discrete  commands  that  operate  relays  are 
processed  when  the  R/PA  is  in  the  LOAD  Mode. 

The  R/PA,  upon  initial  power-up,  from  Standby,  jumps  to  the  boot 
loader  which  loads  the  load  program  and  starts  execution  in  the  LOAD 
Mode.  If  the  CPU  is  powered,  uploading  the  Discrete  Pulse  Command  P4 
will  cause  the  program  to  jump  to  the  boot  loader.  Uplinking  the  Data 
Command  START  execution  (4E3)  causes  the  R/PA  software  to  start 
execution  in  the  COMMAND  Mode. 

4.  COMMAND  MODE.  The  COMMAND  MODE  is  used  to  initialize  the  R/PA 

software  functions,  and  to  set  the  receiver  channels.  The  GPS 
Subsystem  can  be  placed  in  the  command  mode  from  either  the  load  mode 
or  from  any  navigation  mode.  While  in  this  mode,  telemetry  is  not 

available  except  for  Echo  Buffer  (Data  File  0)  and  Memory  Dump  (Data 

File  2).  Both  receivers  are  powered  off  and  the  current  navigation 
solution  (state)  is  propagated  forward  in  time.  Uplink  of  the 
.appropriate  pulse  command  (P6)  transfers  the  Set  to  a predetermined 
navigation  mode.  The  R/PA  can  be  returned  to  the  command  mode  by 
uplinking  the  appropriate  pulse  command  (P5). 

5.  ALMANAC  COLLECT  MODE.  The  ALMAl^AC  COLLECT  MODE  Is  used  to  gather  the 

NDS  almanac  data  required  to  refresh  the  almanacs  currently  stored  in 
the  R/PA  processor  memory.  Each  NDS  satellite  stores  almanacs  for  the 
complete  constellation  of  NDS  and  the  almanacs  are  part  of  the 

available  NDS  telemetry  data  blocks.  When  the  GPS  Subsystem  locks 

onto  an  NDS  signal  and  if  the  almanac  refresh  flag  is  sei  , the  P-/PA, 
under  software  control,  transfers  to  the  ALMANAC  COLLEC'  'E.  Upon  a 
successful  almanac  refresh,  the  R/PA  automatlcaliy  exits  to  the 
originating  navigation  mode.  The  almanac  colle>et  mode  can  only  be 
entered  from  a navigation  mode.  Telemetry  is  available  and  the 

current  navigation  state  is  propagated  forward  in  time. 

6.  GROUND  COMMANDED  PROPAGATE  Mode  (GCP).  Both  receiver  channels  are 

off.  The  Set  propagates  its  current  navigation  state  estimate  every 
six  seconds.  This  mode  is  entered  only  from  the  COMMAND  mode  and 

exists  back  to  that  mode.  Telemetry  output  data  will  be  available 
during  this  mode. 
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SPACE  Mode.  This  is  the  normal  mode  of  operation  of  the  R/PA  for 
navigating  in  a space  environment.  When  one  or  more  satellites  are  in 
view,  the  NDS  selection  function  selects  a satellite  and  the  receiver 
processing  function  measures  the  pseudorange  and  the  delta 
pseudorange.  The  navigation  filter  Inputs  these  measurements  and 
updates  the  navigation  state  of  the  spacecraft.  If  no  satellites  are 
in  view  or  if  the  receiver  fails  to  track  an  NDS,  the  previous 
navigation  state  is  propagated  forward  in  time.  The  SPACE  mode  is 
entered  only  from  the  COMMAND  or  ALMANAC  COLLECT  modes  and  exists  only 
back  to  those  modes.  Telemetry  output  will  be  available.  Depending 
upon  the  commanded  receiver  configuration,  operation  in  a single 
channel  sequential  4,  or  dual  channel  simultaneous  4,  satellite 
sequencing  pattern  will  be  performed  as  shown  in  Figure  15.3.1-1.  If 
both  receiver  channels  are  commanded  off,  the  current  navigation 
solution  is  propagated  forward  in  time.  The  submodes  that  use  the 
receiver  are  described  In  greater  detail  as  follows: 

a.  Single  channel  sequential  4.  The  R/PA  uses  the  receiver  channel 
declared  as  primary  by  command  to  sequence  over  up  to  four 
Navigation  Developinent  Satellites.  The  secondary  channel  is  off. 
Six  seconds  is  spent  on  each  satellite.  During  the  first  2 
seconds,  pseudorange  and  delta  pseudoronge  measurements  are  made 
on  LI  ; during  the  next  3 seconds  the  sacie  measurements  are  made 
on  L2 . Ionospheric  corrections  are  computed  from  Che  sequential 
measurements  an  appropriate  compensations  introduced. 

b.  Dual  channel  simultaneous  4.  The  R/PA  uses  both  receiver 
channels  to  make  simultaneous  measurements  to  the  same  satellite. 
The  primary  channel  makes  pseudorange  and  delta  pseudorange 
measurements  on  the  LI  frequency,  and  the  secondary  channel  makes 
pseudorange  and  delta-pseudorange  measurements  on  L2  fraequency 
for  the  same  satellite  being  tracked  on  the  primary  channel.  The 
measurements  made  on  the  two  channels  are  for  the  same  20  msec 
epoch  detected  on  each  channel  to  obtain  "simultaneous”  LI  and  L2 
measurements.  Ionospheric  corrections  are  computed  using  the 
simultaneous  LI  and  L2  measurements  and  are  used  to  compensate 
the  primary  channel  measurement  Information  supplied  to  the 
navigation  function. 
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Figure  15.1-6.  Sequential  Track  Receiver  Sequences 

8.  RECEIVER  TEST  MODE  (RTM).  In  this  mode,  the  receiver  channels  track 
the  same  NDS  signal  which  provides  a means  for  evaluating  the  proper 
receiver  operation.  Telemetry  is  available  in  this  mode.  RTM  can  be 
entered  only  form  the  Command  Mode.  The  RTM  requires  ground  navigation 
and  is  not  Intended  for  use  in  a space  environment  but  only  for 
testing  on  the  ground. 

9.  GROUND  Mode.  This  is  the  mode  of  operation  of  the  R/PA  for  navigating 
in  a ground  environment  (l.e.,  on  or  near  the  Earth's  surface). 
Except  for  differences  in  the  navigation  and  satellite  selection 
fun.'tions  inherent  in  the  different  host  vehicle  environment,  this 
mode  provides  identical  capabilities  as  tfiose  described  for  the  SPACE 
mode.  The  GROUND  mode  la  entered  only  from  tht  COMMAND  mode  and 
exists  only  back  to  that  mode. 

10.  CALIBRATE  (CAL)  Mode.  The  GPS  Subsystem  Software  ts  used  to  calibrate 
the  R/PA  oscillator  for  frequency  and  phase  bias.  The  calibration 
method  used  requires  that  the  Set  be  stationary  and  that  ground 
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navigation  be  performed.  This  mode  Is  identical  to  the  GROUND  Mode, 
except  that  the  Kalman  filter  Implefflentation  forces  the  velocity 
component  of  the  state  to  be  zero.  Telemetry  output  will  be  provided 
during  this  mode.  The  CAL  mode  is  entered  only  from  the  COMMAND  mode 
and  exists  only  back  to  that  mode. 

15.3.1  GPS  SUBSYSTEM  MONITOR 

The  GPS  Suboystem  monitor  function  controls  the  transition  between  the  various 
system  states.  The  monitor  performs  the  following; 

1.  Initialization  processing  which  controls  the  initialization  of  the 

satellite  selection  function,  the  navigation  function  and  the  receiver 
processing  function.  All  must  be  Initialized  before  the  Set  can  make 
the  transition  to  the  selected  navigation  state  (mode)  of  opera.:lon. 

2.  Navigation  processing  which  controls  the  functions  required  to  perform 
the  navigation  state. 

3.  Pulse/GPS  Subsystem  Interface  to  control  transitions  from  a navigation 
mode  to  the  Command  Mode  operation. 

4.  GPS  Subsysteo/Crltical  Telemetry  Interface  which  reports  the 

current  status  of  the  GPS  Subsystem. 

15.3.2  INITIALIZATION  PROCESSING 

Anytime  the  Set  processes  a command  to  transfer  to  any  navigation  node  (SPACE, 
GCP,  RTM  or  CAL),  the  System  Monitor  calls  the  Initialization  processor.  The 
initialization  processor  will  perform  either  a "cold  start"  or  a "restart".  A 
cold  start  sets  a flag  that  no  NDS  has  been  acquired  and  that  the  Landsat-D 
almanac  and  NDS  almanacs  are  to  be  used  to  acquire  the  first  NDS.  A restart 
indicates  that  one  or  more  NDS's  have  been  acquired  and  that  only  the  NDS 
Selection  Processor  is  to  be  initialized.  A cold  start  is  required  if  the  last 
previous  navigation  mode  was  neither  the  SPACE  mode  or  the  GCP  mode  or  if  the 
GPS  subsystem  is  up  from  either  STANDBY  or  LOAD  mode-  Otherwise,  a restart  is 

required.  (When  the  GPS  transfers  from  the  SPACE  Mode  to  the  COMMAND  Mode,  the 

current  navigation  state  is  propagated  forward  in  time.) 

The  software  determines  which  functions  require  initialization  and  automatically 
follows  the  procedure  required  to  initialize  these  functions  prior  to  making  the 
transition  to  the  selected  navigation  mode.  The  software  function  shown  in 
Figure  15.3-2  determines  if  a cold  start  is  required,  and  if  so,  sets  the  cold 
start  flag.  The  software  function  shown  In  Figure  15.3-3  checks  to  determine  If 
the  cold  start  flag  is  set  and  if  so,  peforms  the  cold  start  functions  necessary 
before  entering  the  (Ground  Commanded  Propagate)  GCP  Mode.  The  software 
function  shown  in  Figure  15.3-4  performs  the  Inl tializ;stion  functions  necessary 
before  entering  the  SPACE  Mode.  It  checks  the  health  «f  the  almanac  data  stored 
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In  memory,  decides  If  a cold  start  la  needed  and  If  so,  peforms  the 
initialization  functions  required  prior  to  entering  the  SPACE  Mode-  The 
software  function  checks  to  determine  if  an  almanac  collect  is  needed.  If  an 
almanac  collect  is  not  required,  the  cold  start  complete  flag  is  set;  otherwise 
the  almanac  collect  required  flag  is  set. 

Upon  completion  of  the  initialization  functions,  the  monitor  transfers  control 
to  the  scheduled  navigation  mode,  and  the  final  initialization  may  be  completed 
after  the  transition  to  the  specified  navigation  mode. 

15.3.2.1  Space  Mode  Processor 

After  the  receiver  has  made  four  successful  NDS  P-code  acquisition  attempts  to 
lock  onto  the  first  NDS,  the  system  monitor  indicates  that  a "first  fix"  has 
been  achieved  and  this  signals  that  the  Set  was  correctly  initialized  for 
operation  in  the  SPACE  Mode.  Figure  15.3-5  shows  the  flow  diagram  of  the  Space 
State  Controller  Program. 

15.3.2.2  GCP  Mode  Processor 

GROUND  COMMANDED  PROPAGATE  state  turns  off  both  receivers  and,  busad  upon 
previous  data,  the  Set  propagates  the  current  navigation  state. 
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Figure  15.3-3.  GCP  Start  Initialization 
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Figure  15.3-4.  Space/Ground/Cal  State  Initialization  Flow  Diagram 
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Figure  15.3-5.  Space/Ground/Cal  State  Controller  Flow  Diagram 
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15.3.2.3  Almanac  Collect  Mode  Processor 

The  R/PA  processor  requires  an  almanac  for  both  the  Spacecraft  and  the 
Navigation  Development  Satellite  before  it  can  acquire  the  NDS  signal.  The 
Lands at-D  Almanac  is  uploaded  by  R/PA  Data  Comma.nd  type  5 and  the  NDS  Almanacs 
are  initially  uploaded  by  R/PA  Data  Command  type  6.  Each  NDS  transmits  an 
almanac  for  all  Navigation  Development  Satellites,  and  the  NDS  almanac  can  be 
obtained  by  demodulating  the  signal  from  the  NDS  currently  being  tracked. 

15.3.2.4  Sequential  Track  State  Processor 

Each  NDS  continuously  transmits  information  on  both  the  LI  and  L2  carrier 
frequencies.  The  sequential  track  state  processes  the  two  carriers  sequentially. 
In  this  state  the  monitor  controls  the  fixed  dwell  tiroes  used  for  the  reception 
of  NDS  signals;  provides  regular  telemetry  using  the  telemetry  processing 
function;  the  BIT  background  self  test  loop  regularly  checks  system  health;  and 
the  monitor  regularly  Invokes  the  satellite  selection  function  which  maintains 
up  to  four  NDS  satellites  that  are  to  be  used  concurrently  by  the  navigation 
function. 

Navigation  state:  When  the  GPS  Subsystem  is  tracking  the  required  minirausa 

number  of  satellites,  the  receiver  measures  the  pseudorange  and  the  delta 
pseudorange.  The  navigation  function  reads  the  available  measurements  and 
updates  the  navigacion  state. 

CONSTRAINTS  GPS-SUBSYSTEM  ■ 

1.  The  GPS-Subsystem  has  only  one  Reference  Oscillator  instead  of  the  two 
called  for  in  the  literature.  The  Discrete  Pulse  Command  P8  (0305) 
Select  Oscillator  #2  should  not  be  used  since  ‘he  Oscillator  ilZ  is  not 
Included  in  the  LANDSAT-D  or  LANDSAT~D  Prime  GPS  Subsystem. 

2.  The  Loader  Command  (4E1)  iiEMORY  LOAD  is  the  R/PA  Lira  Command  used  to 
upload  the  R/PA  memory  contents.  The  number  of  16-blt  words  uploaded 
by  a single  command  should  be  limited  to  64  words  and  the  6 leest 
significant  bits  of  the  start  address  should  be  all  zeros.  This 
Insures  that  the  Loader  Command  (4E2)  BIT  MAP  OUTPUT  will  produce  the 
correct  bit  mao. 

3.  The  Loader  Command  (4E6)  MEMORY  DIAGNOSTIC  is  the  R/PA  Date  Coimtand 
used  in  the  LOAD  MODE  to  test  the  memory  hardwate.  This  test  performs 
a write/read  test  on  each  word  of  RAM  memory.  The  original  content  of 
the  memory  Is  lost  and  must  be  reloaded  after  ea'h  use  of  the  D-r.e 
Command. 

4.  The  GPS  Subsystem  Is  powered  up  by  first  entering  the  STAdlDPY  Mode. 
The  main  power  ON  is  switched  by  relay  from  the  standby  power  supply 
and  the  Discrete  Pulse  Command  PI  (0861)  must  be  uplinked  to  Insure 
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that  the  main  power  relay  contacts  are  open  before  the  Discrete  Pulse 
Command  P2  (0834)  Is  uploaded  to  place  the  GPS  Subsystem  on  STANDBY 
power.  See  Paragraph  15.6.2  for  details  on  power-up. 

5.  There  Is  no  Discrete  Pulse  Command  which  causes  the  GPS-Subsystem  to 
enter  the  STANDBY  MODE  from  any  mode  (except  OFF).  The  Set  can  be 
placed  on  standby  as  follows:  1)  Upload  the.  Discrete  Pulse  Conana-nd  P5 
(0816)  which  will  place  the  Set  in  the  COMMANt)  MODE,  2)  Upload  the 
Operational  Command  SET  Mode  (1E2)  with  L flag  set  to  zero.  This 
causes  the  set  to  make  the  transition  to  STANDBY  power  from  the 
COMMAND  Mode . 

6.  The  following  timing  constraints  shall  be  followed  during  R/PA 
commanding: 

a.  There  shall  be  a delay  of  1 second  minloum  between  successive 
serial  data  commands.  Certain  serial  commands,  listed  below, 
require  a delay  greater  than  1 second. 

- A Memory  Diagnostic  command  must  be  followed  by  a delay  of 
at  leart  60  seconds. 

- A Command  Mode  command  must  be  followed  by  & delay  of  at 

least  30  seconds. 

- There  shall  be  at  least  a one  second  delay  between  R/FA 
Standby  Power  ON  and  R/PA  OFF,  between  R/PA  Main  Power  ON 
and  It/PA  OFF,  and  between  R/PA  OFF  and  8/PA  Standby  Power 
ON. 

- There  shall  be  a delay  of  at  least  one  minute  after  the 
Execute  command. 

b.  Certain  serial  data  commands  consist  of  multiple  48  bit  words  (40 

bit  R/FA  commands).  There  shall  be  a delay  of  at  least  5 

milliseconds  between  each  48  bit  word  of  these  conimands. 

c.  Two  OFF  comtEands,  separated  by  at  least  one  second,  are  required 
to  insure  proper  OFF  state  of  the  R/PA. 

15.5  REDUNDANCY  GPS-SUBSYSTEM 

The  GPS  Subsystem  provides  essentially  no  redundancy.  The  On-Board  Computer 
requires  a navigation  message  for  attitude  control  and  for  high  gain  antenna 
pointing  angles.  In  the  event  these  data  are  not  available  from  the  R/PA,  the 

OBC  must  use  the  ground  supplied  ephemerls  information  needed  for  the  critical 

operations.  Also  the  daily  update  of  the  Spacecraft  clock  obtained  from  R/PA 
must  be  accomplished  from  ground  controlled  functions. 
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15.6  ^ COMMANDS 

The  CPS  is  controlled  by  commands  to  the  R/PA  {Receiver/Processor  Assembly) 
only.  There  are  no  commands  to  the  GPS  Oscillator  or  to  the  GPS  Preamp,  which 
receive  DC  input  power  from  the  R/PA  and  are  therefore  controlled  by  the  R/PA. 

The  R/PA  responds  to  16  discrete  commands  and  to  16  serial  commands.  Two 
discrete  commands  to  the  PDU  enable  and  disable  the  GPS  input  power. 

15.6.1  DISCRETE  COMMANDS 

The  discrete  commands  are  given  in  Table  15.6-1.  The  commands  SPRON  (R/PA 
Standby  Power  ON),  MPRON  (Main  Power  ON),  and  MPROF  (R/PA  Power  OFF)  should  each 
be  followed  by  a one  second  delay  before  any  other  command  is  sent  to  the  R/PA. 
In  addition,  the  MPROF  should  be  followed  by  a second  MPROF  (followed  by  a one 
second  delay)  to  assure  that  a time  delayed  relay  (KR  in  Figure  15.6-1)  has  been 
reset . 

The  command  CMMD  (Command  Mode)  should  always  be  followed  by  a one  minute  delay 
before  any  additional  commands  are  sent  to  the  R/PA.  This  allows  the  processor 
to  finish  its  current  task  and  return  to  the  Command  Mode. 

15.6.2  SERIAL  COMMANDS 

Serial  commands  must  be  addressed  to  the  R/PA  only  when  the  R/?A  is  in  the 
proper  mode  for  receiving  cotmvsnds.  Six  of  the  serial  commands  shall  be  sent  to 
the  R/PA  only  when  the  R/PA  Is  in  the  Load  Mode.  The  remaining  10  aerial 
comnvtnds  shall  be  sent  to  tho  R/PA  only  while  it  Is  in  Che  Commnd  Mode. 

The  division  of  the  serial  commands  Is  as  follows: 

In  Load  Mode  Only 


1 . Memory  Load 

2.  Bit  Map  Output 

3.  Start  Execution 

4.  Power  Down  (Go  to  standby) 

5.  Memory  Dump 

6.  Memory  Diagnostic 
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Table  15.6-1.  Discrete  Commands 


RIU 

Chan 

Acronym 

Command  Name 

8 

34 

SPRON 

R/PA  Standby  Power  ON 

8 

20 

MPRON 

Main  Power  ON 

8 

61 

MPROF 

R/PA  Power  OFF 

8 

44 

OSl 

Select  Oscillator  1 

8 

08 

0S2 

Select  Oscillator  2 

8 

55 

LDMD 

Transfer  to  Load  Mode 

8 

16 

CMMD 

Command  Mode 

8 

46 

NVMD 

Navigate  Mode 

7 

03 

TCST 

TCG  Set  Mode 

7 

47 

TCRN 

TCG  Run  Mode 

7 

15 

TM0 

Time  Mark  T-0 

7 

25 

TMl 

Time  Mark  T-1 

7 

45 

TM2 

Time  Mark  T~2 

7 

61 

TMJ 

Time  Mark  T-3 

7 

29 

TMOD 

Select  Telemetry  Mode  Serial  Output 

7 

19 

CMOD 

Select  Computer  Mode  Serial  Output 

6 

02 

ENAGP3* 

GPS  Power  Enable 

6 

37 

DISC PS* 

GPS  Power  Disable 

*The  last  two  commands  are  effected  in  the  Power  Distribution  Unit  (PDU). 
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Figure  15.6-1.  DC  Power  Input  Control  Comiaand  Interface 
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In  Command  Mode  Only 

1.  Set  Receiver  Channel 

■ 'V 

2>  Set  Mode 

3.  Set  Data  File  Index 

4 . TCG  Set  Value 

5 . HV  Almanac  Upload 

6.  NDS  Almanac  Upload 

7.  Ground/Cal  Initialization 

3.  RTM  Initialization 

9.  Memory  Dump 

10.  Echo  Data  ConHisand  Buffer 

The  serial  command  bit  structure  and  details  are  given  in  Appendix  A. 

GPS  serial  commands  consist  of  48  bits,  or  multiples  of  48  bits.  The  fJrst 
eight  bits  of  each  48  bits  are  ignored  by  the  R/PA. 

Three  ground  commands  are  required  to  transfer  48  bits  to  the  R/PA.  The  first 
two  ground  commands  are  addressed  to  RIU  7,  Channel  71.  The  third  ground 
command  must  be  addressed  to  RIU  7,  Channel  72. 

The  length  of  a complete  aerial  command  Is  determined  by  its  type.  Each 
complete  command  consists  of  a line  or  multiple  lines  where  a line  Is  defined  as 
48  bits  (three  ground  commands),  the  first  eight  bits  of  which  are  ignored  by 
the  R/PA.  The  remaining  40  bits  (5  bytes)  are  decoded  by  the  R/PA.  In  those  5 
bytes,  the  first  byte  identifies  the  line  as  part  (or  all)  of  a particular 
command  and  is  unique  to  that  command. 

Individual  lines  of  a command  must  not  be  sent  at  a rate  faster  than  one  line 
per  six  milliseconds.  Successive  serial  commands  shall  be  sent  at  a rate  not 
faster  than  one  per  second. 

The  overall  structure  of  the  serial  commands  Is  given  in  Table  15.6-2,  which 
shows  the  command  name,  the  first  byte  of  each  line,  and  the  number  of  lines 
contained  in  each  serial  command. 
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Table  15.6-2.  Serial  Commands  SVS-10266 

31  December  1981 




Command  Name 

Fi  rst 

Byte 

Structure 

Number 

Total 

1 

2 

3 

4 

5 

6 

/ 

8 

Of  Lines 

Li  nes 

IN  LOAD  MODE 

Memory  Load 

1 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 to  32 

0 

1 

1 

0 

0 

0 

0 

1 

1 

3 to  34 

Bit  Map 

1 

0 

0 

0 

0 

0 

1 

0 

1 

1 

Start  Execution 

1 

0 

0 

0 

0 

0 

1 

1 

1 

1 

Power  Down 

1 

0 

0 

0 

0 

1 

0 

0 

1 

1 

Memory  Dump 

1 

0 

0 

0 

0 

1 

0 

1 

1 

1 

Memory  Diagnostic 

1 

0 

0 

0 

0 

1 

1 

0 

1 

1 

IN  COMMAND  MODE 

Set  Receiver  Channels 

0 

1 

E 

0 

0 

0 

1 

1 

1 

Set  Mode 

0 

0 

1 

E 

B 

0 

1 

0 

T 

1 

Set  Data  file 

0 

il 

1 

E 

i 

0 

1 

1 

1 

1 

TCG  Set  Value 

1 

0 

1 

1 

0 

0 

1 

1 

1 

9 

1 

0 

0 

1 

2 

HV  Almanac  Load 

0 

1 

0 

E 

0 

1 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

1 

4 

0 

1 

1 

0 

0 

1 

0 

1 

1 

6 

NOS  Almanac  Load 

0 

1 

0 

E 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

5 

0 

1 

1 

0 

0 

1 

1 

0 

1 

7 

Ground/Cal  Initialization 

0 

1 

0 

t 

0 

1 

1 

i 

1 

0 

0 

0 

0 

0 

1 

1 

1 

5 

0 

1 

1 

0 

0 

1 

1 

1 

1 

7 

RTM  Initialization 

0 

1 

0 

E 

1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

6 

0 

1 

1 

0 

1 

0 

0 

0 

1 

8 

Memory  Dump 

0 

1 

0 

E 

1 

0 

0 

1 

1 

0 

1 

1 

0 

1 

0 

0 

1 

1 

2 

Echo  Data  Command  Buffer 

0 

0 

1 

E 

1 

0 

1 

0 

1 

1 

*The  bit  designated  "E"  is  the  Echo  Bit.  If  E is  a logical  1,  the  entire 
command  will  be  placed  in  the  Echo  Buffer,  to  be  read  out  later.  In  the 
Load  Mode  commands,  the  Echo  Bit  is  not  allovjed;  it  must  be  logical  0. 
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In  the  Load  Mode  commands,  the  first  three  bits  of  the  first  byte  of  each  line 
are  as  follows: 

100  if  is  the  first  line 

000  if  it  is  an  intermediate  line 

oil  if  it  is  the  last  line 

The  fourth  bit  is  always  a logical  zero.  The  last  four  bits  Indicate  the 
sequential  number  of  the  command. 

In  the  Command  Mode  commands,  the  first  three  bits  of  the  first  byte  are  as 
follows: 


001  if  it  is  the  first  line  of  a one-line  command 

010  if  it  is  the  first  line  of  a command  having  more  than  one  line 
000  if  it  is  an  intermediate  line 

011  if  it  is  the  last  line 

The  fourth  bit  is  the  Echo  Bit  (E)  if  it  is  the  first  line,  and  is  logical  zero 
otherwise. 

The  last  four  bits  Indicate  the  sequential  number  of  the  command. 

The  syntax  of  the  commands  given  above  is  important  in  that  if  the  syntax  is 
violated,  the  command  will  be  rejected.  If  the  R/P^  is  in  the  Cosimand  Mode  at 
the  time  of  the  error,  an  appropriate  error  message  will  be  placed  in  the  Echo 
Buffer,  followed  by  the  failed  command,  regardless  of  the  state  of  the  Echo  Bit. 

15.6.3  COMMAND  SEQUENCES 

If  the  GPS  is  OFF,  the  following  sequence  is  recoonnended  to  put  the  GPS  into  an 
operating  mode.  (See  16.6.6  GPS  constraints  for  delays  and  additional  commands, 
which  are  deleted  here  for  sequence  clarity.) 

1.  Standby  Power  ON  - Power  is  applied  to  the  R/PA,  oscillator  and 
preamplifier. 

2.  Main  Power  ON  - R/PA  initializes  and  goes  to  Load  Mode. 

3.  Memory  Diagnostic  * - Verifies  integrity  of  memory.  Optional. 

Destroys  any  previous  memory  load. 

4.  Telemetry  Mode  - To  establish  the  Landsst  data  file  format. 

5.  Bit  Map  - To  evaluate  the  results  of  the  memory  diagnostic. 

6.  Load  Mode  - To  reset  the  bit  map  to  all  zeros  after  the  memory 
diagnostic. 
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7.  Bit  Map  - To  assure  that  bit  map  is  set  to  all  seros. 

8»  Memory  Load  * - To  supply  the  operating  navigation  program. 

9.  Bit  Map  - To  establish  Integrity  of  load,  as  received  by  R/PA. 

10.  Memory  Dump  * - Optional.  To  have  a record  of  each  word  loaded,  as 
received  by  the  R/PA). 

11.  Execute  * - Starts  execution  of  the  Program  loaded. 

* Memory  Diagnostic  requires  30  seconds.  Memory  Load  and  Memory  Dump 
time  each  depends  on  the  extent  of  the  load  or  dump.  Execute  requires 
one  minute  for  initialization  and  transfer  to  the  command  mode. 

Following  the  above  sequence,  the  GPS  is  in  the  Command  Mode,  with  memory 
loaded.  To  go  further  to  an  operating  (navigating  or  propagating)  mode,  the 
following  sequence  is  typical: 

1.  Set  Receiver  Channels  * - Configures  receiver  channels  and  hardware, 
and  acquisition  mode. 

2.  Set  Mode  - Sets  the  R/PA  operating  mode. 

3.  TCG  Set,  TCG  Set  Value,  TCG  Run  - Sets  the  Time  Code  Generator  and 
starts  it  running. 

4.  NDS  Almanac  - At  least  oi  i is  required;  the  remainder  can  be 
collected . 

5.  HV  Almanac  - Required  for  Navigation  or  Propagation. 

6.  Set  Data  File  Index  - Instructs  the  R/PA  to  output  specific  data  files 
with  a specific  frequency. 

7.  Ground/Calibration  Initialization  * 

8.  Receiver  Test  Mode  Initialization  * 

*The  Set  Receiver  Channels  command  must  be  given  to  the  R/PA  prior  to 
the  TCG  Set  Value  command.  The  Ground/Cal  and  RTl*  Initialization 
commands  are  required  only  for  subsequent  entry  to  their  respective 
operational  modes. 

There  is  no  required  order  to  the  ccmmands  other  than  TCG  Set,  TCG  Set  Value, 
and  TCG  Run  must  be  given  in  that  ordet  and  Set  Receiver  channels  must  be  given 
prior  to  TCG  Set  Value. 
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The  above  sequences  are  Chose  required  to  prepare  the  GPS  to  do  what  is  desired. 
One  can  now  (or  at  any  point  previously  in  the  Comraand  Mods  portion)  request  an 
Echo  Buffer  Data  File  (Data  File  //O)  by  Issuing  the  serial  coamand. 

1.  Echo  Data  Conimand  Buffer  - Data  File  #0  is  output,  containing  all 
previous  serial  commands  with  E“l,  plus  all  rejected  commands  with 
error  message  preceding  each. 

After  verifying  the  commands  and  correcting  those  rejected  (if  any),  one 
proceeds  to  start  the  Navigation: 

1 . Navigation  Mode  - The  GPS  now  begins  to  perform  the  Navigation  or 
Propagation  that  was  commanded  previously. 

Navigation  then  starts  with  a Baseband  Test  (approximately  three  minutes),  after 
which  a Data  File  #11  (Receiver  Diagnostic  Data)  is  output  if  Data  File  #11  was 
requested. 

One  can  conclude  the  Navigation  by  command; 

1 . Command  Mode  - Should  be  followed  by  60  second  delay  prior  to 
addi tional  conmanding . 

The  R/PA  is  now  ready  to  receive  serial  commands  to  (1)  issue  preparatory 
commands  for  a new  mode  of  operation,  or  (2)  go  to  standby  fay  use  of  the  Set 
Mode  command . 

Table  15.6-3  lists  the  commands  which  must  be  uplinked  (after  a nemory  load  or  a 
return  from  standby)  before  transition  to  a navigate  mode  will  be  allowed.  The 
commands  marked  with  an  "X"  for  a given  navigate  mode  must  be  received  by 
command  processing  prior  to  a transition  to  that  mode. 
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Table  15.6-3.  Required  Conusands  for  Navigate  Mode 
Transit Iona  After  Load  or  Standby 


To 

Propagate 

Mode 

To 

Space 

Mode 

To 

RTM 

Mode 

To  Ground 
or  Cal 
Modes 

Set  Receiver  Channels 

X 

X 

X 

X 

Set  Mode 

X* 

X* 

X* 

X* 

NDS  Almanac  Upload 

X 

X** 

X 

HV  Almanac  Upload 

X 

X 

Ground/Cal  Init 

X* 

RTM  Inl.t 

X* 

Set  TCG  Time 

X 

X 

X 

X 

* Tnose  commands  which, 

on  a return 

from  Standby, 

must  be 

received  after  the 

transition  from  Standby. 


**  The  NDS  Almanac  uploaded  must  correspond  to  the  NDS  specified  (parameter 
RTMSID)  in  the  RTM  Initialization  Data  Command  Message. 
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In  addition,  the  Ground/Cal  Init  Commavid  must  be  received  prior  to  each 
transition  to  Ground  Mode  if  the  last  navigate  mode  was  anything  other  than 
ground  mode.  Likewise,  Ground/Cal  Inlt  command  must  be  received  prior  to  each 
transition  to  Cal  Mode  if  the  last  navigate  mode  was  anything  other  than  Cal 
Mode.  That  is,  if  the  set  is  in  Ground  Mode  and  a transition  is  made  back  to 
Command  Mode  (pulse  is  sent  by  HV),  there  are  no  required  commands  to  return  to 
Ground  Mode;  however,  if  the  set  is  In  Cal  Mode  and  the  t'  .nsition  is  made  to 
Command  Mode,  the  Ground/Cal  Init  Command  must  be  received  again  before  a 
transition  to  Ground  Mode  will  be  allowed. 

Likewise,  the  RTM  Init  Command  must  be  received  prior  to  each  transition  to  RTM 
Mode  if  the  last  navigate  mode  was  anything  other  than  RTM  Mode. 

15.6.4  COMMAND  VERIFICATION 

Methods  of  command  verification  are  given  in  'Cable  15.6-4  which  lists  commands 
by  acronym,  their  prerequisite  commands,  complement  commands,  and  a reference 
paragraph  for  command  descriptions. 

15.6.5  COMMAND  DESCRIPTIONS 

This  section  provides  descriptions  of  the  command  functions  usit^g  the  command 
acronyms  of  Table  15.6-1  and  the  command  names  of  Table  15.6-2. 

Functional  schematics  are  provided  as  an  aid  to  understanding  the  command 
Interface.  Exact  circuit  details  are  defined  by  drawings  elsewhere. 

13.6.5.1 

SPRON 
HP  RON 
MPROF 
ENAGPS 
DISGPS 

051 

052 

Power  to  Che  R/PA  (+28  volts>  is  supplied  through  the  ENAGPS/DISGPS  relay  KA  in 
the  PDU,  shown  on  the  left  of  Figure  15.6-1.  The  R/PA  primary  power  control 
relays  consist  of  relay  K7  which  supplies  +28  volts  to  the  Standby  Power 
Converter  and  K1  and  K2  la  series  which  control  a Power  Control  signal  to  the 
Main  Power  Converter. 

The  secondary  voltages  from  the  Standby  Power  Converter  supply  +15  volt  power  to 
the  Oscillator  and  Preamp,  and  maintenance  power  to  the  R/PA  memory.  Relay  K7 
also  supplies  +28  volts  to  the  Oscillator  oven.  Thus,  after  oscillator  oven 
warm-up  and  R/PA  memory  load,  the  R/PA  readiness  to  operate  is  preserved  as  long 
as  Standby  Power  is  maintained. 
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Tha  Main  Power  Converter  supplies  the  power  required  for  R/PA  opsiation. 

Relay  K8  is  open  at  initial  turn-on  so  that  tha  capacitors  Cl  are  initially 
charged  through  a 10  ohm  resistor.  In  less  than  a second  after  initial  turn-ON, 
relay  K8  is  closed  by  the  time  delay  circuit,  shorting  the  10  ohm  resistor  and 
enabling  i power-control  circuit  to  the  Main  Power  Converter. 

The  MPRON  (Main  Power  ON)  command  closes  both  K1  and  K2  relays,  applying  prime 
power  to  the  Main  Power  Converter.  Main  power  can  be  turned  OFF  (K2  opened)  by 
internal  command  only.  MPROFF  opens  relays  K1  (Main  Power),  K7  (Standby  Power), 
and  resets  relay  K8.  Because  of  a sneak  path,  relay  K8  may  sometimes  not  open 
with  the  first  MPROF  and  for  this  reason  a sec.oi\d  MPROF  is  recommended  after  a 
one  second  delay. 

The  selection  of  oscillator  1 or  2 Is  effected  by  K9 , which  .ipplles  +15  volt 
power  to  one  of  two  lines  going  to  the  oscillator.  The  two  lines  are 
effectively  joined,  as  shown  by  the  spacecraft  harness  at  the  R/PA  interface, 
supplying  +15  volts  to  the  oscillator  through  a pair  of  lines.  The  R/PA  is 
used  on  another  spacecraft,  which  has  dual  oscillators. 


15.6.5.2 

LDMD 

CMMD 

NVMD 

These  three  commands  are  Interfaced  Into  the  R/PA  by  opto-isolators , as  shown  in 
Figure  15  .6-2.  The  LDMD  opto-isolator  output  feeds  directly  into  the  R/PA 
processor,  while  the  CMMD  and  NVMD  outputs  feed  into  opposite  sides  of  a logic 
latch  (Zlip/flop)  whose  output  goes  to  the  R/PA  processor  and  to  telemetry. 

The  CWD  signal  to  the  processor  in  effect  tells  the  processor  to  finish  the 
cur.ent  Navigation  task  and  then  switch  to  the  Command  Mode.  A 60  second  delay 
should  follow  CMMD  before  additional  commands  are  Issued. 

The  LDMD  command  is  v sed  Co  force  the  processor  to  Che  Load  Mode  from  the 
Command  Mode.  The  LDMD  command  will  also  set  the  Bit  Map  to  all  zeros. 

The  NVMD  command  initiates  navigation  in  the  configuration  and  mode  specified  by 
preparatory  sarial  commands  given  previously  in  the  Command  Mode.  If  the 
preparatory  commands  are  inadequate  for  the  navigation  mode  that  was  snecified, 
the  processor  will  not  bsoin  navigation,  and  will  set  the  Invalid  Transition 
telemetry  flag.  Also,  an  appropriate  error  message  will  be  placed  into  Che  Echo 
Buffer. 
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Figure  15.6-2.  Command  Interface  for  LDMD,  CMMD,  NVMD,  TCST 
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Figure  15.6-4.  Command  Interface  for  TO,  Tl , T2 , T3 
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15.6.5.3 


TOST 

TORN 

The  TCST  command  prepares  the  Time  Code  Generator  (TCG)  to  be  set  by  Inhibiting 
the  clock  pulses  (1.023  MHz).  See  Figure  15.6-2  for  the  interface  circuit,  and 
Figure  15.6-3  for  coupling  with  the  TCRN  command.  After  the  TCST  command  is 
received,  the  TCG  is  ready  to  be  set  by  the  serial  data  command  TCG  Set  Value 
(Paragraph  15.6.5.15). 

Following  the  TCG  Set  Value  command,  receipt  of  the  TCRN  command  by  the  R/PA 
removes  the  inhibiting  of  the  clock  pulses,  and  the  TCG  begins  counting  from  the 
time  set  by  the  Set  Value  command.  The  TCRN  Interface  is  shovm  in  Figure 
15.6-3. 


15.6.5.4 

TM0 

TMl 

TM2 

TM3 

Each  of  the  Time  Marks  strobes  the  TCG  and  places  the  current  TCG  time  into  a 
time  code  buffer,  and  the  time  code  buffer  is  entered  into  Data  File  //7  when 
Data  File  is  output.  Each  TCG  time  placed  into  the  time  code  buffer  is 

tagged  with  the  number  of  the  Time  Mark  that  generated  it.  The  command 
Interface  is  shown  in  Figure  15.6-4. 

15.6.5.5 

Tiroo 

CMOD 

The  commands  TMOD  and  C>®D  determine  whether  the  telemetry  serial  data  shall  be 
output  by  the  R/PA  in  the  Telemetry  Mode  or  Computer  Mode.  Landsat  always  uses 
the  Telemetry  Mode  in  which: 

1.  The  Data  Ready  signal  is  set  to  a logic  "1”  in  synclironism  with  the 
Minor  Frame  Sync  pulse. 

2.  Telemetry  data  files  all  have  a uniform  length  - 94't  bits  (118  8-bit 
words  ) . 

3.  There  is  at  least  le  telemetry  minor  frame  of  all  zeros  following 
each  data  file  that  Is  output. 
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In  the  Computer  Mode  (not  used  by  Landsat): 

1.  The  Data  Ready  signal  is  set  to  a logic  "I"  in  synchronism  with  the 
Word  Rate  signal. 

2.  Telemetry  data  files  vary  in  length. 

3.  Successive  data  files  may  be  contiguous;  l.e.,  there  lo  not 
necessarily  a minor  frame  of  all  reros  between  successive  files  as 
they  are  output. 

The  R/PA  is  set  to  the  Computer  Mode  automatically  when  Standby  Power  is  turned 
ON  (SPRON),  so  it  is  necessary  to  send  TMOD  prior  to  the  output  of  data  files. 

The  command  interface  circuit  is  shown  in  Figure  15.6-5. 

15.6.5.6  Memory  load 

Memory  Load  is  a aerial  data  command.  The  cooawnd  interface  circuit  for  aerial 
coramiinds  is  given  in  Figure  15.6-6. 

Memory  Load  Is  a variable  length  command  that  can  range  from  three  lines 
(blocRs)  to  3A  lines,  thus  Including  a range  of  memory  words  from  1 to  64.  The 
command  reguires  that  three  parameters  be  specified. 

1.  A,  the  starting  address  of  the  load 

2.  N,  the  number  of  sequential  16-blt  woida  to  be  loaded. 

3.  W,  the  16  bits  of  each  word. 

The  Memory  Load  comouind  will  be  accepted  by  the  R/PA  only  when  the  R/PA  ia  In 
t he  Load  Mode . 

15.6.5.7  B1 t Map  Output 

Bit  Map  Output  Is  a serial  data  command.  See  Figure  15.6-6  for  the  electrical 
interface. 
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The  command  requires  the  specification  N,  indicating  how  many  times  the  Bit  Map 
is  to  be  transmitted. 

The  Bit  Map  (Data  File  #1)  is  a check  of  the  accuracy  of  & memory  load,  as 
received  by  the  R/PA.  A logic  I in  the  Bit  Map  indicates  that  the  checksum 
transmitted  with  a Memory  Load  message  containing  6A  16-bit  words  agrees  with  a 
checksum  performed  by  the  R/PA  on  those  64  words.  The  starting  address  on  each 
64  words  must  be  a multiple  of  64. 

The  Bit  Map  is  also  used  to  verify  a Memory  Diagnostic  Test. 

The  Bit  Map  Output  la  accepted  by  the  R/PA  only  in  the  Load  Mode. 

15.6.5.8  Start  Execution 

The  Start  Execution  command  is  a aerial  data  command.  See  Figure  15.6-6  for  the 
electrical  interface. 

After  a complete  Memory  Load  which  has  been  verified  by  Bit  Map  and/or  veemory 
dump  and  verification  thereof,  operation  of  the  program  la  Initiated  by  the 
Start  Execution  comasand.  The  only  parameter  to  be  specified  Is  tha  address  at 
which  execution  is  to  begin.  The  execution  shall  be  followed  by  a one  minute 
delay  to  allow  for  Irslt laliEatiou . At  the  and  of  the  execution,  the  R/PA  will 
be  in  the  Command  Mode . 

Start  Execution  can  be  received  in  the  Load  Mode  only,  and  only  after  a 
completed  meinorv  load. 

15.6.5.9  Power  Down 

The  Power  Dov/n  command  is  a serial  data  command.  See  Figure  15.6-6  for  the 
electrical  Interface. 

The  power  Down  command  can  be  accepted  only  in  the  Load  Mode,  and  Is  used 
primarily  for  partial  memory  loading.  After  a partial  load,  the  Power  Down 
Comnuind  allows  a return  to  the  Standby  Mode.  When  the  next  partial  load  is  to 
begin,  the  MPRON  command  will  turn  Main  Power  ON  and  the  R/PA  will  be  in  the 
Load  Mode . 

The  Power  Down  comtuiind  may  be  used  successively  for  multiple  partial  laemory 
loads . 


15.6.5.10  Memory  Dump 

The  Memory  Dump  command  Is  a serial  data  command . See  Figure  15.6-6  for  the 
electrical  Interface. 


LSD-wrC-263 


15-42 


SVS-10266 
31  December  1981 


The  Memory  Dump  command  Initiates  a dump  of  the  P./PA  memory.  The  comoiaiid  is 
accepted  only  In  the  Load  Mode. 

The  parameters  that  must  be  specified  are  (1)  the  number  of  256  word  blocks  to 
be  dumped  and  (2)  the  location  where  the  dump  la  to  begin.  The  parameters  must 
be  such  that  all  of  the  memory  locations  requested  are  within  the  range  of  the 
R/PA  memory;  i.e.,  0 to  57,343  inclusive  (decimal  notation).  The  dump  will  begin 
immediately  after  the  command  is  received  by  the  R/PA. 

15.6.5.11  Memory  Diagnostic 

The  Memory  Diagnostic  is  a serial  data  command.  See  Figure  15.6-6  for  the 
electrical  interface. 

The  Memory  Diagnostic  command  initiates  a self-test  routine  in  which  each  memory 
address  is  written  to  and  then  read  out.  The  Read-Write  values  are  compared. 
The  diagnostic  test  requires  30  seconds,  and  a 30  second  delay  should  follow  the 
command  to  allow  time  for  the  test. 


A Bit  Map  <;ommand  should  follow  the  Memory  Diagnostic  (after  30  seconds).  Each 
logic  I In  the  Bit  Map  indicates  a correct  writo-read  comparison  of  64 
addresses . 

By  the  write-read  procedure,  the  test  destroys  prior  memory  load,  and  should  be 
used  therefore  before  memory  load. 


15.6.5.12  Set  Receiver  Channels 

Set  Receiver  Channels  is  a serial  data  command  which  must  be  received  by  the 
R/PA  in  the  Command  Mode  only.  See  Figure  15.6-6  for  the  electrical  interface. 

If  the  E bit  (4th  bit  of  command)  is  a logic  1,  the  comtoand  will  be  stored  in 
the  Echo  Buffer. 


The  command  directs  the  specific  configuration  of  the  receivers  A and  B,  the 
channel  configuration,  and  the  acquisition  mode.  Three  parameters  must  be 
specified: 


1 . 


P,  which  specifies  receivers  off,  single  channel  (primary  ON  only)  or 
dual  channel  (both  channels  ON). 


2. 


3. 


C,  which  specifies 
M,  which  specifies 


normal  or  crossed  receiver  channel  configurations, 
acquisition  mode. 
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15.6.5.13  Set  Mode 

The  Set  Receiver  Channels  command  must  be  sent  before  the  TCG  Set  value  command. 

Set  Mode  Is  a serial  data  command  which  must  be  received  by  the  R/PA  in  the 
Command  Mode  only.  See  Figure  15.6-6  for  the  electrical  interface. 

If  the  E bit  (4th  bit  of  command)  is  a logic  1,  the  command  will  be  stored  in 
the  Echo  Buffer. 

The  command  directs  the  subsequent  operational  configuration  of  the  R/PA.  Three 
parameters  must  be  specified: 

1.  L,  which  directs  the  R/PA  to  go  to  the  Standby  Mode  immediately,  or  to 
prepare  for  a Navigation  Mode.  If  L is  a logic  0,  software  will  turn 
OFF  the  main  power  converter  by  resetting  K2,  shown  in  Figure  15.6-1. 
If  M is  set  to  logic  0,  the  R/PA  will  return  to  the  Command  Mode  when 
MPRON  later  turns  the  Main  Power  Converter  ON. 

2.  M,  which  directs  the  R/PA  to  the  Command  Mode  or  to  any  of  five 
Navigation  Modes. 

3.  N,  which  directs  the  R/PA  to  a mode  of  NDS  (Navigation  Data  Satellite) 
Almanac  collection. 

15.6.5.14  Set  Data  File  Index 

Set  Data  File  Index  is  a serial  data  command  which  must  be  received  by  the  K./PA 
in  the  Command  Mode  only.  See  Figure  15.6-6  for  the  electrical  interface. 

If  the  E bit  (4th  bit  of  command)  is  a logic  1,  the  command  will  be  stored  in 
the  Echo  Buffer. 

The  command  directs  the  subsequent  frequency  of  output  of  Data  Files  3 through 
11.  Files  0 (Echo  Buffer),  1 (Bit  Map)  and  2 (Memory  Dump)  are  output  by  direct 
command  requests  only,  and  the  Data  File  Index  command  cannot  be  used  to  request 
their  outputs . 

Two  parameters  must  be  specified: 

1.  F,  which  identifies  the  Data.  File  being  addressed.  As  noted  above, 
only  files  3 to  11  must  be  addressed. 

2.  TR,  which  indicates  the  periodicity  of  output  desired  for  the  file,  in 
terms  of  the  Navigation  Cycle.  The  allowed  range  is  from  one 
approximately  every  six  seconds  to  one  approximately  every  2.3  days. 
The  value  of  TR  is  applicable  to  files  4,  7,  8 and  10  only.  For  files 
3,  5,  9 and  11,  the  fact  alone  that  TR  is  greater  than  zero  indicates 
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only  that  the  file  shall  be  output  when  new  data  are  available. 
Landsat  will  not  use  file  6. 

If  TR  is  equal  to  zero,  the  indicated  file  Is  not  be  output  at  all. 
If  a Set  Data  File  Index  command  for  particular  file  Is  not 
transmitted,  that  file  will  not  be  output. 

15.6.5.15  TCG  Set  Value 

TCG  (Time  Code  Generator)  Set  Value  is  a serial  data  command  which  must  be 
received  by  the  R/PA  in  the  Command  Mode  only.  See  Figure  15.6-6  for  the 
electrical  interface. 

If  the  E bit  (4th  bit  of  command)  is  a logic  1,  the  command  will  be  stored  in 
the  Echo  Buffer. 

The  command  sets  the  TCG  to  a specific  tin©,  indicated  by  the  command  itself. 
Prior  to  giving  the  command,  the  TCG  must  be  stopped  by  the  discrete  command 
TCST.  After  the  TCG  Set  Value  command  is  transmitted,  the  discrete  command  TCSi^ 
must  be  given  so  that  the  TCG  will  start  running  from  the  Set  Value  time.  The 
TCRN  command  must  be  sent  so  as  to  start  the  TCG  within  two  seconds  of  the  Set 
Value  of  time,  otherwise  acquisition  of  NDS  satellites  will  not  be  possible. 

Two  parameters  are  specified  for  setting  time; 

1.  T,  which  specifies  the  time  elapsed  from  some  designated  time  T^^  such 
as  the  beginning  of  the  year.  T then  becomes  TCG  time  when  the  TCG  is 
started  by  TCRN. 

2.  D,  which  specifies  Che  offset  between  (A)  the  last  time  before  Tq  ^yhen 
GPS  time  0 and  (BO  Tg,  Alternately  defined,  it  can  be  stated  that  P 

GPS  time  at  T-.  GPS  time  is  defined  as  the  time  elapsed  since  2400 
Saturday*;  GPS  time  is  effectively  reset  to  zero  at  2400“  (GMT)  every 
Saturday*. 

A third  parameter,  M,  is  included  in  the  TCG  Set  Value  command.  M is  not 
related  to  any  time  code,  but  provides  a means  of  masking  (inhibiting)  time 
marks  TMO,  TMl , TM2 , and  TM3.  The  TCG  Set  Value  can  be  used  to  alter  the  mask 
values  without  prior  use  of  TCST. 

The  value  of  M will  be  s.jred  and  used  to  control  the  masking  of  the  Tima  Marks. 

*GPS  time,  as  transmitted  by  the  NDS  satellites,  is  not  adjusted  for  Leap 
Seconds.  GPS  time,  as  of  December  1981,  has  been  running  long  enough  to  have 
accumulated  three  leap  seconds.  As  a result,  GPS  time  equals  three  seconds  at 
2400h  Saturday,  l.e.,  GPS  time  is  reset  to  zero  at  three  seconds  before 

2400^  GMT  each  Saturday. 
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15.6.5.16  Host  Vehicle  Almanac  Upload 

The  Host  Vehicle  (HV)  Almanac  Upload  is  a serial  data  command  which  must  be 
received  by  the  R/PA  in  the  Command  Mode  only.  See  Figure  15.6-6  for  the 
electrical  interface. 

If  the  E bit  (4th  bit  of  command)  is  a logic  1,  the  command  will  be  stored  in 
the  Echo  Buffer. 

The  command  specifies  the  Landsat  orbit  In  Keplerlan  orbit  parameters. 

A Landsat  Almanac  must  be  specified  for  all  Navigation  modes  except  Receiver 
Test  Mode,  Ground  Mode  and  Calibration  Mode. 

15.6.5.17  NDS  Almanac  Upload 

The  NDS  Almanac  Upload  is  a serial  data  command  which  must  be  received  by  the 
R/PA  in  the  Command  Mode  only.  See  Figure  15.6-6  for  the  electrical  interface. 

If  the  E bit  (4th  bit  of  comtnaud)  is  a logic  1,  the  comnand  will  be  stored  in 
the  Echo  Buffer. 

The  command  specifies  the  NDS  Almanac  (one  for  each  NDS)  in  Keplerlan  orbit 
parameters. 

The  NDS  Almanac  for  Space  mode  Navigation  will  be  provided  in  hexadecimal  data 
format  to  be  commande  directly. 

NDS  Almanacs  are  required  for  all  modes  of  Navigation  except  Ground  Commanded 
Propagation. 

NDS  Almanacs  can  be  collected  by  the  almanac  collect  feature  (see  Set  Mode 
command),  however,  one  initial  NDS  Almanac  is  always  required  for  initial 
acquisition. 

15.6.5.18  Ground/ Taiibratlon  Initialization 

Ground/Calibration  Initialization  command  is  a serial  data  command  which  must  be 
received  by  the  R/PA  in  the  command  mode  only.  See  Figure  15.6-6  for  the 
electrical  inte'^face. 

If  the  E bit  (4th  bit  of  command)  is  a logic  1,  the  command  will  be  stored  in 
the  Echo  Buffer. 

The  command  spacifles  initialization  parameters  for  the  ground  or  calibration 
mode. 
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15.6.5.19  RTM  (Receiver  Test  Mode)  Initialization 


The  RTM  Inltiallgation  command  Is  a serial  data  command  which  must  be  received 
by  the  R/PA  In  the  Command  mode  only.  See  Figure  15.6-6  for  the  electrical 
Interface. 

If  the  E bit  (4th  bit  of  command)  is  a logic  I,  the  comraand  will  be  stored  in 
the  Echo  Buffer. 

The  command  specifies  Inlttallzation  parameters  for  the  Receiver  Test  Mode. 

The  command  contains  eight  lines  (blocks)  and  therefore  requires  24  ground 
commands . 

Nine  initialization  parameters  must  be  specified: 

(In  the  following,  PR  means  pseudorange) 

1.  Initial  PR  estimate 

2.  PR  rate 

3.  PR  acceleration 

4.  Initial  PR  uncertainty 

5.  Subsequent  PR  uncertainty 

6.  Initial  PR  rate  uncertainty 

7.  Subsequent  PR  rate  uncertainty 

8.  Satellite  ID 

9.  Prepositioning  control 


15.6.5.20  Memory  Dump 

The  Memory  Dump  command  is  a serial  data  command  which  must  be  received  by  the 
R/PA  in  the  Command  mode  only. 


See  Figure  15.6-6  for  the  electrical  Interface. 

If  the  E bit  (4th  bit  of  command)  is  a logic  1,  the  command  will  be  stored  in 
the  Echo  Buffer. 

The  command  requests  a !>peciflc  number  of  16  bit  R/PA  memory  words  to  be  dumped, 
and  the  address  at  which  the  dump  is  to  begin.  The  resulting  output  is  Data 
File  2,  R/PA  memory  contents. 

Two  parameters  must  be  specified: 

1.  A,  the  address  at  which  the  dump  Is  to  start. 

2.  N,  the  number  o'"  16  bit  memory  words  to  be  dumped. 
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The  request  fo-  a dump  must  contain  parameters  that  request  only  addresses 
entirely  within  the  R/PA  range  of  addresses,  namely,  0 to  57,343  (decimal). 
Thus,  the  limitations  on  A and  N are  (in  decimal  notation). 

0 < A < 57,343 
0 < A + (N-1)  < 57,343 

Memory  locations  32,640  through  32,767  are  non-addressable , and  will  appear  as 
all  zeros  in  the  output  when  dumped. 

The  dump  will  begin  immediately  after  the  command  is  received. 

15.6.5.21  Echo  Data  Command  Buffer 

This  command  is  a serial  data  command  which  must  be  received  by  the  R/PA  in  the 
Command  mode  only.  See  Figure  15.6-6  for  the  electrical  interface. 

If  the  E bit  (4th  bit  of  command)  is  a logic  1,  the  command  will  be  stored  In 
the  Echo  Buffer. 

The  command  requests  Data  File  0 which  contains  a copy  of  all  previous  commands 
(whose  E bit  was  a logic  1)  plus  all  commands  that  contained  errors  (regardless 
of  the  E bit  in  those  commands)  and  an  error  laesouc;'^  preceding  the  erroneous 
command . 

The  error  massage  preceding  the  erroneous  command  describes  the  command  fault, 
such  as  checksum  error,  invalid  command  construction  (too  many  or  too  few  lines, 
trailer  line  out  of  sequence,  etc.),  invalid  data  (parameters  out  of  range),  or 
insufficient  data  for  transition  to  the  navigation  mode  requested. 

Successive  frames,  each  containing  22  lines  (blocks),  are  output  until  the  Echo 
Buffer  is  empty.  Each  frame  contains  22  lines  (blocks)  of  commands  and/or  error 
messages.  Zeros  fill  unused  lines.  An  EOT  indicator  (16  logic  ones)  Indicates 
last  frame. 

All  serial  data  commands  transmitted  in  the  Command  Mode  can  thus  be  verified 
prior  to  commanding  the  Navigation  mode. 

The  Echo  Data  Command  Buffer  comraand  has  no  variable  paraiasters;  i.e.,  it  is  a 
fixed-field  command. 

The  Echo  Buffer  is  sec  to  all  zeros  after  the  Data  File  has  been  transmitted. 
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1.  The  R/PA  can  be  damaged  if  voltage  is  brought  up  slowly  from  C volts 
to  +28  volts  (in  greater  than  10  milliseconds).  Therefore,  voltage  is 
to  be  applied  to  the  R/PA  only  by  a switch  closure  to  the  fully 
energized  power  bus. 

2.  The  R/PA  shall  be  verified  OFF  prior  to  de-energizing  the  FS. 

3.  Single  lines  (48  bits)  of  serial  commands  shall  not  be  sent  to  the 
R/PA  at  a rate  faster  than  one  per  6 milliseconds. 

4.  There  shall  be  a delay  of  one  second  minimum  between  successive  serial 
data  commands.  Certain  serial  commands,  listed  oelow,  require  a delay 
greater  than  one  second. 

5.  A Memory  Diagnostic  command  must  be  followed  by  a delay  of  30  seconds. 

6.  A Command  Mode  command  must  be  followed  by  a delay  of  60  seconds. 

7.  There  shall  be  a one-second  delay  between  R/PA  Standby  Power  ON  and 
R/PA  OFF,  between  R/PA  Main  Power  ON  and  R/PA  OFF,  and  between  R/PA 
OFF  and  R/PA  Standby  Power  ON. 

8.  Each  R/PA  OFF  command  shall  be  followed  by  a second  R/PA  OFF  command, 
delayed  at  least  100  milliseconds  from  the  first.  Also,  prior  to  eJ ch 
R/PA  Standby  Power  ON  command,  an  R/PA  OFF  command  shall  be  issued. 
These  additional  R/PA  OFF  commands  are  required  to  a'^sure  '•bat  the 
relay  K.3  has  been  switched  to  OFF. 

9.  There  shall  be  a delay  of  one  minute  minimum  after  the  START  EXECUTE 
command  SE40  prior  to  transmission  of  next  command. 

10.  There  shall  be  a delay  of  one  second  between  transmission  of  STAJ»D3Y 
POWER  ON  command  (834)  and  the  MAIN  POWER  ON  command  ''820). 

11.  The  GPS  Enable  command  shall  be  preceded  by  an  R/PA  OFF  coniaand  and  a 
one  secona  delay. 

12.  If  the  R/PA  has  been  placed  into  the  Standby  mode  by  an  SCIO  (Mode 
Select,  go  to  Standby,  return  in  Command  mode)  and  Main  Power  ON  is 
commanded.  Subsequently,  the  R/PA  will  go  to  the  Command  mode.  The 
Main  Power  ON  command  shall  be  followed  by  a 60  second  delay. 
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15.7  RECEIVER/PROCESSOR  ASSEM^^LY  (R/PA)  TELEMETRY 

15.7.1  GENERAL  DESCRIPTION 


The  R/PA  provides  internel  telemetry  signals  to  allow  determinacion  of  GPS 
Subsystem's  general  "health"  and  status.  The  teJemetry  points  consist  of  single 
bilevel  measurements  for  status,  diagnostic  and  built-in  test  results.  External 
and  internal  analog  voltages,  currents,  temperatures,  etc.,  are  converted  from 
analog  to  digital  with  a resolution  of  8 bits  binary.  All  telemetry  points  are 
multiplexed  into  a single  serial  output,  that  is  available  in  Telemetry  Serial 
Data  File  4. 

In  addition  to  the  composite  digital  telemetry  data  stream,  a critical  subset  of 
telemetry  data  is  made  available  in  parallel  format  in  direct  analog  or  digital 
form  (e.g.,  10  analog  functions  plus  32  binary  functions).  This  critical  subset 
is  available  as  long  as  standby  power  is  applied  to  the  R/PA.  All  the  various 
R/PA  operating  modes,  whether  they  are  affected  by  discrete  command,  data 
command,  or  by  automatic  operation  of  the  R/PA  itself,  are  verified  by  discrete 
telemetry,  and  are  included  in  the  critical  subset. 

15.7.2  GPS  TELEMETRY  FORMAT  - SERIAL  DATA 

The  GPS  Telemetry  Format  for  Serial  Data  is  shown  in  Figure  15.7-1.  The 
Spacecraft  Real  Time  Mission  Telemetry  Format  for  GPS  data  files  consists  of  11 
minor  frames  (rows)  of  twelve  8 bit  words  (coluitma  17  thru  28).  The  Spacecraft 
Real  Time  engineering  Telemetry  Format  consists  of  25  minor  f'^ames  (rows)  of 
five  8 bit  words  (colu.on  17  thru  21).  The  format  for  either  mission  or 
engineering  data  adds  zero  value  words  to  fill  the  rows  as  needed  to  compl.-.te  a 
Major  Frace,  and  data  files  are  separated  by  one  row  of  zero  value  words. 

15.7.3  CRITICAL  TELEMETRY  OUTPUT 

The  R/PA  outputs  10  analog  data  measurements  which  are  sampled  by  Landsat-D  not 
less  than  once  during  each  10-second  interval.  There  are  up  to  32  binary  "'ta 
measurements  which  are  sampled  by  Landsat-D  not  less  tVian  once  every  5 seconds 
The  critical  telemetry  identification  is  shown  in  Table  15.7-2.  LO  equals  logi 
0 state  and  LI  equals  logical  1 state. 
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Figure  15.7-1.  Telemetry  Format  for  Serial  Data 
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Table  15.7-2.  Critical  Telemetry  Functions 
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Table  15.7-2.  Critical  Telemetry  Functions  (Cont'd) 


10 


13 

14 

15 

1(3 

< «• 
e»  I 

13 

19 

20 
ry  y 

* ^k 

A «b 

23 

24 

25 

26 
« • 
23 

29 

30 

31 

32 


51a&r^  ?u3C~:ioaa 

D^aerlyticn 

lav&lKi  Trxasltlaa 
Dl&ffaoatlc  ^fstralas 
CISD  Pisa 
CIO  Tall 
Sit  Irror 
Set  Failuro 


ST3V»  LO 


S 

S 


OFF 

CFT 

OFF 

OFF 

OFF 

OFF 


Alar= 

jLlara  ■ 

Pass 

Fail 

£rrar 

Failvire 


T 

r 

TCG  Set/Rua 

S 

SIT 

Run 

R/PA  Pcwer 

s 

OFF 

CN’ 

Uaia  Power 

s 

OFF 

CM 

CSC  N'o.l 

s 

OFF 

CM 

P 

i 

CSC  Nc.2 

s 

~Ty 

V * A 

CM 

! 

Receirar  Cbannal  A 

CFT 

CM 

{3 

Raceiver  Cdannel  3 

OFF 

CM 

Marigat  a /'Cocmaad 

CMC 

MAT 

OMA  Kecaivo 

OFF 

Ready 

1 

CMA  Transmit 

OFF 

Ready 

Y 

T 

Memory  Power  Fail 

s 

OFF 

Fail 

AFI  SYOt  Channel  A 

CFT 

Fall 

•m 

at:  RF  if  Chan.nel  A 

OFF 

Fail 

AFI  SY21  Channel  3 

OFF 

Fail 

i 

9 

AFI  RF. IF  Channel  3 

OFF 

Fail 

T 

& 

IS  CIO  TUI  1 

s 

LOW 

HIC-H 

s 

• e 

\ f 

i_*V  L»  i VJ  * «.«-»  *• 

w.<w  '* 

. z. 


S deccti 


:a@  siaaals  -vfticd 


:q  it  Stands:-'. 


i.sn-v-,TO"2o  1 


IS-S  I 


SVS-10266 
31  December  1981 


15.7.4  R/PA  TELEMETRY 

The  R/PA  health  and  status  telemetry  is  available  in  Serial  Data  File  4 or 
directly  via  RIU  «?7.  The  functions  of  the  critical  subset  that  have  meaning 
during  STANDBY  Mode  remain  available  as  long  as  standby  power  is  applied  to  the 
R/PA.  All  operating  modes  of  the  R/PA,  whether  controlled  by  discrete  commands, 
by  data  commands  or  by  automatic  operation  of  the  R/PA,  are  verifiable  by  the 
analog  or  discrete  telemetry.  For  details,  see  Appendix  A,  Volume  II 
(Telemetry)  Data  Format  Control  Book. 

15.7.4.1  R/PA  Telemetry  Descriptions 

15.7.4.1.1  Data  Ready  Bit 

The  Data  Ready  bit  indicates  when  a data  file  Is  provided  by  the  R/PA  serial 
output  to  the  telemetry  stream.  When  the  bit  is  fffet  to  a logical  1,  the  R/PA 
outputs  a data  file  starting  with  the  next  row  available  in  the  matrix 
allocation  for  the  serial  data  output.  When  set  to  a logical  0,  there  is  no 
R/PA  data  files  ready  for  output  and  the  R/PA  outputs  continuous  zeroes  in  the 
matrix  positions  (rows)  allocated  for  serial  data  file  output.  This  bit  can  be 
used  by  the  OBC  to  recognize  data  file  availability.  The  Data  Ready  bit  goes 
high,  "1",  in  s'uc  with  the  minor  frame  sync  pulse. 

15.7.4.1.2  Mode  b*atus  Bit 

The  Mode  Status  bit  la  either  a logic  1 which  is  equal  to  the  Computer  mode  of 
output  (not  used  by  Landat-D)  or  a logic  0 which  is  equal  to  the  telemetry  mode 
where  each  data  file  is  944  bits  long  and  each  data  file  must  be  separated  by  a 
row  of  zeros. 

15.7.4.1.3  Overrun  Bit 

The  Overrun  bit  is  an  Indication  of  the  R/PA  memory  buffer  status  in  terms  of 
its  scoring  data  files  for  subsequent  telemetry  output.  V/hen  this  bit  is  set  to 
a logical  1,  the  R/PA  buffer  has  overflowed  and  data  flle(8)  is  (are)  lost;  when 
set  to  a logical  0,  the  buffer  is  not  full  and  overflow  does  not  exist.  This  is 
the  normal  state  of  the  buffer. 

15.7.4.1.4  Mode  Bits  1,  2,  3 and  4 

These  signals  should  be  considered  as  a group  forming  a 4 bit  binary  number 
ranging  from  0 through  15  decimal.  Mode  Bit  1 is  the  most  significant  bit 
(MSB):  Mode  Bit  4 is  the  least  significant  bit  (LSB).  These  signals  specify  the 
current  operational  DK>de  of  the  R/PA.  The  Interpretation  of  each  bit  sequence 
is  as  follows: 
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Where: 


Mode  Bit 


Decimal  Number 

1 

2 

3 

4 

Mode 

0 

0 

0 

0 

0 

STANDBY 

1 

0 

0 

0 

1 

SPARE 

2 

0 

0 

1 

0 

LOAD 

3 

0 

0 

1 

1 

PROPAGATE  (COMMANDED) 

4 

0 

1 

0 

0 

COMMAND 

5 

0 

1 

0 

1 

GROUND 

6 

0 

1 

1 

0 

CAL 

7 

0 

1 

1 

1 

RTM 

8 

1 

0 

0 

0 

SPACE  (ST,  P,  ND) 

9 

1 

0 

0 

1 

SP.ACE  (ST,  P,  D) 

10 

1 

0 

1 

0 

SPACE  (ST,  C/A,  ND) 

11 

1 

0 

1 

1 

SPACE  (ST,  C/A,  D) 

12 

1 

1 

0 

0 

SP.iCE  (TTfF,  P,  ND) 

13 

1 

1 

0 

1 

SPACE  (TTFF,  P,  D) 

14 

1 

1 

1 

0 

SPACE  (TTFF,  C/A,  ND) 

15 

1 

1 

1 

1 

SPACE  (TTFF,  C/A,  D) 

ST: 

Sequential  Track  State 

TITF; 

Time- 

CO- 

first-fix  State 

P; 

Tracking 

P Code 

C/A: 

TGracking  C/A  Coda 

D: 

Data  Demodulation  Dwell 

ND: 

Non 

Data 

Demodulation  Dwell 

Mode  Bit  I functions  as  a SPACE/NON-SPACE  mode  indicator.  In  the  SPACE  mode, 
Mode  Bits  2,3,  and  4 indicate: 

Mode  Bit  2;  Sequential-track/time-to-f irst-f ix 

Mode  Bit  3:  P Code  / C/A  code 

Mode  Bit  4:  Data  Dwell  / Non-Data  Dwell 

15.7.4.1.5  Initialization  Bit 


The  first  portion  of  processing  after  a transition  from  COMMAND  mode  into  any 
NAVIGATION  mode  (l.e.,  SPACE,  etc.)  is  INITIALIZATION.  This  bit  is  set  to  the 
logic  1 state  while  the  system  is  performing  INITIALIZATION;  it  is  at  logic  0 
otherwise . 
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15.7.4.1.6  Propagate  Bit 

The  propagate  status  bit  indicates  when  the  R/PA  is  propagating  the  navigation 
solution  and  not  updating  it  with  ranging  measurements.  This  can  occur  in  4 
situations. 

1 • In  COMMAND  mode 

2.  In  PROPAGATE  mode 

3.  In  ALMANAC  COLLECT  mode 

4.  In  SPACE,  GROUND,  or  CAL  modes 

a.  In  TTFF  prior  to  the  first  measurement  attempt. 

b.  In  sequential  track  during  a VCO  calibration  dwell. 

c.  In  sequential  track  during  satellite  changeover  (while  the 
receiver  is  acquiring  a new  satellite  and  demodulating  its 
ephemerls  data) 

d.  In  sequential  track  when  there  Is  a signal  drop-out  and  no 

) measurement  occurs  within  the  first  six  seconds  of  a dwell. 

e.  When  the  number  of  satelM-tes  in  view  drops  below  a data  base 
constant  (Normally  set  to  one),  the  receivers  are  powered  off,  no 
measurements  are  made,  and  the  navigation  solution  is  propagated. 

15.7.4.1.7  Almanac  Collect  Bit 

The  Almanac  Collect  Lit  indicates  when  the  R/PA  is  in  the  ALMANAC  COLLECT  mode. 
During  this  mode,  the  signal  will  be  set  to  logic  1:  otherwise,  it  will  be  kept 
at  logic  0. 

15.7.4.1.8  Sat  Bits  1 and  2 

These  two  status  bits  indicate  the  number  of  satellites  currently  being 
successfully  tracked  by  the  R/PA.  The  interpretation  is  as  follows: 

Sat  Bit  ^ 

0 Either  4 or  0 NDS  being  tracked 

1 1 NDS  being  tracked 

0 2 NDS  being  tracked 

1 3 NDS  being  tracked 

Note  that  the  Propogate  telemetry  bit  indicates  whether  the  R/PA  is  propagating 
or  navigating  will  distinguish  between  the  0 and  4 case.  When  4 NDS  are  being 
successfully  tracked,  the  set  will  not  be  propagating. 
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15.7.4.1.9  T....alld  Trnnaltlon  Bit 

The  transition  status  bit  provides  a warning  whenever  tha  R/FA  has  baan  given  a 
comim»nd  to  make  a transition  Into  a new  modo  but  insufficient  Initialisation 
d.ata  has  been  supplied.  As  an  example,  the  R/PA  could  be  commanded  to  enter  the 
SPACK  mode  from  COMHWiD  without  a specification  of  the  receiver  configuration. 
When  this  situation  occurs,  the  R/PA  remains  In  Its  prior  mode  and  this  signal 
Is  set  ro  logic  1.  In  normal  operation,  it  la  kept  at  logic  0.  Once  set,  this 
signal  will  retasiin  at  logic  I until  either  the  required  data  is  supplied  or  the 
mode  transition  request  Is  aborted. 

15.7.4.1.10  Diagnostic  Warning  Bit 

The  dl.agno8tlc  status  bit  Indicates  that  a non-fatal  error  condition  has  been 
detected  by  the  R/PA  and  that  diagnostic  information  has  been  placed  in  Serial 
D.nta  Pile  4.  In  normal  operation,  this  signal  is  in  logic  0;  when  an  error 
condition  Is  detected.  It  Is  changed  to  logic  1.  Wlien  data  file  4 is  output, 
the  signal  Is  reset  to  logic  0.  The  followinjj  will  activate  this  warning 
signal : 

1.  When  almanac  collect  h.ss  failed  In  four  consocutivo  attempts. 

2.  When  receiver  processing  detects  that  certain  critical  recelvwr 

parameters  have  exceeded  nominal  bounds  but  succe.ssful  operation  is 
still  possible. 

3.  When  navigation  detects  that  the  Kalman  filter  estimate  Is  diverging 
during  sequential  track  ur  when  navigation  errors  during  PUOPAdATlON 
exceed  cert.iln  bounds. 

4.  When  telemetry  processing  detects  any  hardware  errors. 

5.  When  aii.slog  telemetry  processing  detects  any  hardware  errors. 

6.  When  telemetry  processing  detects  a telemetry  buffer  overrun 

cond 1 t Ion . 

15.7.4.1.11  OMD  Pass,  CMD  Pall  Bits 

The  CIW  Pass  .-nul  CMD  Fall  bits  (Sp.acecraf t Real  Tima  Format)  are  used  to 
liuilc.atp  wiunher  the  last  complete  coismand  message  has  been  accepted  as  correct 
bv  the  R/PA  aoftw.are;  thl.s  means  th.tt  .all  cou-slstency  chockiivt?  tor  e.ach  comnwnd 

block  headers,  the  sequence  of  tirrlv.nl  of  coronwind  blocks,  an.i  the  me.ss.nge 

checksum  h.ive  .nil  passed.  These  signals  are  set  durlitg  both  Load  and  Comnknnd 
inodes  of  operation.  These  two  slgn.nls  are  cleared  by  Pet  hardware  when  either 
1)  the  next  data  comm.nnd  Is  received,  or  2)  five  minor  frame  pulses  h.nve  been 
received  by  the  R/PA. 
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The  interpretation  of  the  2 bit  pasa/fall  combinations  sra  as  follows: 

CMP  Pass  Bit  CMP  Fail  Bit 

0 0 Power-up  value,  or  have  been  cleared 

for  either  of  two  reasons  above. 

1 0 Last  message  received  has  passed 

software  check. 

0 1 Last  sassage  received  has  failed 

software  check. 

1 1 Illegal  combination.  Its  occurrence 

is  due  to  Set  hardware  when  powering 
up  or  software  error. 

These  signals  are  dormant  during  STANDBY. 

15.7.4.1.12  Built  In  Test  (BIT)  Error  Bit 

This  bit  In  the  telemetry  stream  is  set  to  logical  1 v-'hen  the  Built  In  Test 
function  detects  a fatal  software  error.  Detecting  a BIT  error  causes  Che  R/PA 
to  transfer  (under  software  control)  to  STANDBY  Mode.  The  error  bit  is  reset  to 
logical  0 by  hardware  during  powerup. 

15.7.4.1.13  Set  Fatlvire  Bit 

The  Set  Failure  status  bit  indicates  a critical  condition. 

When  a critical  software  condition  Is  detected  the  Set  Failure  bit  Is  set  to 
logical  1 and  ttie  R/PA  traiisfers  to  STANDBY  Mode.  It  Is  returned  to  logical  0 
upon  powerup.  The  following  will  activate  the  Set  Failure  bit: 

1.  When  satellite  data  gathering  detects  an  Illegal  mode. 

2.  When  receiver  processing  detects  that  certain  receiver  parameters  have 
exceeded  allowable  bounds  and  data  is  suspect. 

3.  When  navigation  processing  detects  that  the  filter  has  diverged  to  the 
point  that  successful  resumption  of  navigation  is  Imorobable. 

15.7.4.1.14  TCd  SET/Run  Bit 

The  TCC  Set/Run  telemetry  bit  Is  the  output  of  a solid  satate  latch  controlled 
by  TCd  Set  (P'7)  and  TOG  Run  (PIO)  discrete  commands.  TCG  Set/Run  is  used  to 
indlc.ite  whether  the  TCG  timer  is  running  or  stopped.  TCC  Set/Run  goes  to  logic 
C whenevere  t tie  TCS  Set  pulse  comimind  is  received,  and  stops  the  TCG  counter. 
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TCG  Set/Run  goes  to  a logic  1 whenever  the  TCG  Run  pulse  is  received,  and  starts 
the  TCG  counter. 

15.7.4.1.15  R/PA  Power  Bit 

The  R/PA  Power  telemetry  bit  is  used  to  Indicate  when  STANDBY  Power  is  on.  The 
state  of  this  telemetry  bit  is  controlled  with  the  power  ON  discrete  command 
(P2)  and  power  OFF  discrete  command  (PI).  The  power  ON  pulse  sets  this  signal 
to  logic  1.  The  power  OFF  pulse  command  shuts  all  power  off  and  sets  this 
signal  to  logic  0. 

15.7.4.1.16  Main  Power  Bit 

The  Main  Power  telemetry  bit  is  used  to  indicate  whether  Main  Power  is  on  or 
off.  When  Main  Pow.er  is  ON,  this  signal  will  be  at  logic  1.  When  Main  Power  is 
OFF,  it  will  be  at  logic  0. 

15.7.4.1.17  OSC  #1,  OSC  #2  Bits 

OSC  and  OSC  #2  bits  are  used  to  indicate  which  Reference  Oscillator  is 

powered  ON.  The  GPS  Subsystem  used  aboard  LANDSAT  has  only  one  Oscillator.  The 
relay  contacts  used  select  either  OSC  #1  or  OSC  #2  are  strapped  together  and  the 
OSC  bit  and  the  OSC  #2  bits  are  set  to  1. 

15.7.4.1.18  Receiver  Channel  A and  Receiver  Channel  B Bits 

These  two  bits  are  used  to  Indicate  when  power  to  each  receiver  channel  (A  and 
B)  is  ON  or  OFF.  Turning  receiver  power  ON  or  OFF  is  fully  controlled  by 
software.  These  two  telemetry  bits  are  dormat  during  STANDBY  since  receiver 
power  is  turned  off.  On  powering  backup,  the  R/PA  HARDWARE  autocaatically  shuts 
both  receiver  channel  power  relays  OFF.  The  interpretation  of  these  two  signals 
bits  is  as  follows: 

OTA  CH  B 

0 0 

1 0 

0 1 

1 I 

15.7.4.1.19  SPA/CMD  Bit 

The  SPA/CMD  bit  monitors  the  status  of  the  relay  (latch  1.2)  which  controls 
whether  the  R/PA  is  in  COMMAND  or  SPACE  mode.  The  state  of  this  relay  Is 
controlled  by  the  Command  Mode  discrete  command  (P5)  and  SPACE  Mode  pulse 
command  (P6).  A logic  0 state  indicates  that  the  R/PA  should  be  in  COMMAND 
mode.  A logic  1 state  indicates  that  the  R/PA  should  be  in  SPACE  mode.  After  a 
power  down  to  ST.ANDBY,  the  R/PA  hardware  resets  this  relay  to  COMMAND  mode  when 
Che  set  is  powering  up. 


Channel  A power  OFF;  Channel  B power  OFF 

Channel  A power  ON;  Channel  B power  OFF 

Channel  A power  OFF;  Channel  B power  ON 

Channel  A Power  ON;  Channel  B power  ON 
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15.7.4.1.20  DMA  Receive  Bit 

The  DMA  bit  indicates  when  the  telemetry  module  Direct  Memory  Access  (DMA) 
hardware  has  been  correctly  Initialized  by  software  to  accept  serial  data 
commands  from  the  C&DH  subsystem  to  the  R/PA.  This  signal  will  be  set  to  logic 
1 whenever  the  R/PA  is  in  the  LOAD  or  COMMAND  mode  ■£  operation  and  can  accept 
data  commands.  When  this  signal  is  at  logic  0,  the  R/PA  is  not  properly  set  to 
accept  data  commands. 

15.7.4.1.21  DMA  Transmit  Bit 

The  DMA  Transmit  bit  indicates  that  the  telemetry  module  DMA  hardware  has  been 
properly  set  by  software  to  perform  serial  data  transfers  from  the  R/PA  to  the 
C&DH  Subsystem.  When  this  bit  is  set  to  logic  1,  the  R/PA  has  data  files  for 
transmission  to  the  C&DH  Subsystem.  The  telemetry  module  hardware  resets  this 
signal  to  logic  0 after  all  serial  bits  of  a data  block  have  been  transferred. 
The  telemetry  module  sets  a failure  flag  indicating  the  type  of  hardware  failure 
that  occurred.  When  this  signal  is  at  logic  0,  the  DJIA  transmit  hardware  is  not 
set  up  to  output  data  files  to  Che  C&DH  Subsystem. 

15.7.4.1.22  MEM  PWR  Fa*l  Bit 

The  MEM  ?\4R  Fail  bit  monitors  the  R/PA  Ram  memory  power  (+5V  STDBY).  If  a power 
transient  occurs  on  this  line  which  drives  tVie  voltage  below  memory  retain 
threshold  2.5  volts,  the  memory  contents  would  probably  become  invalid  and 
require  reloading.  This  signal  will  be  set  to  logic  1 whenever  such  an  event 
happens;  Its  nominal  state  is  logic  0.  The  R/PA  hardware  monitors  the  state  of 
this  signal  and  automatically  transfers  the  system  into  the  LOAD  mode  (instead 
of  COMMAND)  whan  the  R/PA  goes  through  a power-up  sequence  on  Main  Power.  Once 
the  R/PA  is  in  the  LOAD  mode,  this  signal  is  reset  to  logic  0. 

15.7.4.1.23  SYN  and  RF/IF  AFI  Bits 

Two  bits  for  hardware  AFI  are  allocated  to  each  receiver  channel.  One  monitors 
the  synthesizer;  the  otehr  monitors  the  RF/IF.  The  assignments  are  as  follows: 

SYNTHESIZER  ARI  - CHANNEL  A 

RF/IF  AFI  - CHANNEL  A 

SYNTHESIZER  AFI  - CHANNEL  B 

RF/IF  AFI  - CHANNEL  B 

Nominal  "good"  performance  will  produce  a logic  0 condition;  a failure  v?ill 
cause  a logic  1 state.  The  synthesizer  contains  four  fault  detectors  which  are 
"0R"ed  together  to  provide  a single  output  indicating  a fault.  These  four 
detectors  monitor  the  29  1/2F,  68  F,  P , and  2 F harmonics.  If  any  of  these 
signals  fall  6 dB  below  nominal,  a'^fault  Indication  will  result.  The  RF/IF 
module  will  indicate  a fault  when  its  output  signal  level  falls  more  than  6 dB 
below  Che  noise  level  of  the  module  alone  (no  preamp);  this  indicates 
insufficient  gain. 
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15.7.5  DATA  FILE  GENERATION 

The  System  Output  Telemetry  contains  the  R/PA  navigation  Data  and  is  organired 
in  12  data  files.  It  is  possible,  by  data  command,  to  set  the  rate  at  which 
each  data  file  is  placed  in  an  R/PA  buffer.  The  basic  output  rate  of  each  data 
file  is  once  per  Navigation  cycle  period  (nominally  6 seconds).  It  is  possible, 
by  transmitting  an  appropriate  file  index  to  the  R/PA,  to  change  the  "Buffer 
Fill"  rate  of  each  data  file  to  some  integer  multiple  of  the  Navigation  cycle 
period  A file  index  of  0 will  cause  the  R/PA  to  inhibit  the  transmi ssioti  of  data 
from  the  file  to  the  buffer.  The  data  file  identification.  Output  Mode  and 
Drivers  are  shown  in  Table  15.7-3. 
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0utput(2) 

0utput(3) 

File  ID  Frame  ID  File  Name 

Mode 

Drive 

0 

1,2,3— 

Command  Echo  Buffer 

C 

DC 

1 

1 

Memory  Load  Bit  Map 

L 

DC 

2 

1,2,3— 

R/PA  Memory  Contents 

C or  L 

DC 

3 

1 

Current  Operating  Ephemeris 

N 

& 

F 

4 

1 

System  Status 

N 

5 

1 

NDS  Almanacs 

N 

& 

F 

5 

2 

NDS  Almanacs 

N 

1 

& 

F 

5 

3 

NDS  Almanacs 

N 

& 

F 

5 

4 

NDS  Almanacs 

N 

& 

y 

5 

5 

NDS  Almanacs 

N 

4 

& 

F 

6 

1 

Time  Marks(4) 

~ 

7 

1 

Navigation  Best  Estimate(4) 

N 

& 

F 

8 

1 

Kalman  Input 

N 

F'^ 

9 

1 

Raw  P.scelver  Measuremens 

N 

^4 

& 

F 

10 

1 

Compressed  Measurement  Data 

N 

11 

1 

Receiver  Diagnostic  Data 

N 

& 

F 

NOTES: 

’(1)  Each  data  file  is  944  bits. 

(2)  in  Output  Mode  column;  C”Comoand  Mode,  L'sLoad  Mode,  N»  a Navigation  Mode 

(3)  in  Output  Drive  column;  DC^Serlal  Data  Command,  E«Event,  F“File  Index>zero. 

Individual  Events  are: 

••  when  new  ephemeris  is  collected  from  newly-acquired  NDS. 

■ E^  ® when  a complete  NDS  almanac  is  collected 

E^  " when  the  time  mark  buffer  fills 

»>  when  a receiver  measurement  is  taken 
E^  = when  receiver  diagnostic  processing  is  complete 

(4)  File  6 is  not  used  on  Landsat-D«  File  7 contains  Time  Marks. 

(5)  F is  a File  Index  set  by  the  SET  FILE  INDEX  which  is  an  operational  Data 

; Command  previous  y uplinked  from  the  ground. 
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15.7.5.1  Serial  Data  File  0 - Command  Echo  Buffer  Data 

Data  File  0 contains  the  Echo  Buffer  Information  which  Is  transmitted  in  the 
format  shown  in  Table  15.7-4.  This  file  is  available  when  the  Sec  is  in  the 
COMMAND  Mode  and  is  output  to  telemetry  upon  uploading  the  ECHO  DATA  COMMAND 
BUFFER  Operational  Data  Command  (lEll). 

15.7.5.2  Serial  Data  File  1 - Memory  Load  Bit  Map 

Data  File  1 contains  the  Memory  Load  Bit  Map  information  which  is  transmitted  in 
the  format  shown  in  Table  15.7-5.  This  file  is  available  when  the  Set  is  in  the 
LOAD  Mode  and  is  output  to  telemetry  upon  uploading  the  BIT  MAP  OUTPUT  Loader 
Data  Command  (402). 

15.7.5.3  Serial  Data  File  2 - R/PA  Memory  Dump 

Data  File  2 contains  the  R/PA  Processor  Memory  information  and  is  transmitted  in 
the  format  shown  in  Table  15.7-6.  This  file  is  available  ir.  either  the  COMMAND 
Mode  or  the  LOAD  Mode  and  is  output  to  telemetry  upon  receipt  of  the  MEMORY  DUMP 
Loader  Data  Command  (405)  or  upon  receipt  of  the  MEMORY  D'JIiP  Operational  Data 
Command  (1E9). 

15.7 .5.4  Serial  Data  File  3^  - Current  Operating  Ephemeris 

Data  File  3 contains  the  current  NDS  Satellite  operating  ephemeris  InformaCior. 
which  is  transmitted  in  the  format  defined  in  Table  15.7-7.  It  is  available  in 
the  SPACE  Mode  and  when  a new  ephemeris  is  available  from  the  current  NDS 
Satellite.  Data  File  3 output  to  telemeciy  is  controlled  by  the  File  I.idex 
number  set  by  a previously  uploaded  SET  DATA  FILE  INDEX  Operational  Data 
Conmarid . 


15.7.5.5  Serial  Data  File  4 - System  Status 

Data  File  4 contains  the  System  Status  information  and  is  asmitted  in  the 
format  shown  in  Table  15.7-8.  Output  to  telemetry  Ir  .rolled  by  the  File 
Index  number  which  has  been  set  by  a previously  uploaded  I DATA  FILE  INDEX 
Operational  Command  (1E3). 

15.7 .5-6  Serial  Data  File  ^ ^ NDS  Almanacs 

Data  File  5 is  made  up  of  5 Frame  ID  and  contains  the  NDS  Almanacs  for  a? 1 NDS 
satellites.  File  5 is  available  in  the  SPACE  Mode  when  a complete  NDS  altoanac 
has  been  collected  from  the  current  NDS  satellite.  The  format  is  defined  li. 
Table  15.7-9  and  the  output  to  telemetry  is  controlled  by  the  FILE  INDEX  number 
set  by  a previously  uploaded  SET  DATA  FILE  INDEX  Operational  Data  Command  (1E3). 
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Data  File  6 Is  not  used  by  LANDSAT-D  and  the  TIME  MARKS  normally  transmitted  by 
Datr.  File  6 are  included  In  the  Data  File  7 Informatln. 

15.7.5.8  Serial  Data  File  T_  - Navlgat  ‘on  Best  Estimate 

Data  File  7 contains  the  best  estimate  of  the  spacecrafts  navigation  state.  It 
Is  available  In  the  SPACE  M 'de  uhen  the  time  mark  buffer  files  and  Is 
transmitted  In  the  form-st  shown  n Table  15.7-10.  The  output  to  telemetry  Is 
contiolled  by  the  FILE  INDEX  number  set  by  a previously  uploaded  SE5  DATA  FILE 
INDEX  Operational  Data  Command  (1F3) 

15.7 .5.9  Serial  Data  I lie  £ - Ralman  T nput 

Data  File  8 contains  the  Kalman  filter  Input  Information  which  Is  transmitted  In 
the  format  described  In  Table  15.7— 1.‘,  Data  File  8 Is  available  In  the  SPACE 
Mode.  Output  to  telemetry  Is  controlled  by  the  File  Inder  number  set  by  a 
previously  uploaded  SET  DATA  FILE  INDEX  Operational  Data  Command  (1R3).  Table 
15.7-12  shows  the  coded  data  for  Data  Fl'es  7 and  15. 

15.7.5.10  Serial  Data  File  9 - Raw  Receiver  Measurements 

Data  File  9 contains  the  raw  receiver  moasurements  which  are  transmitted  in  the 
format  described  in  Table  15.7-3.  The  Infunnatlon  is  available  In  the  SPACE 
Mode  when  a receiver  nieasuiement  is  completed.  Output  to  telemetry  is 

controlled  by  the  File  Index  number  set  by  a previously  uploaded  SET  DATA  FILE 
INDEX  Operational  Data  Comewnd  (1E3). 

15.7.5.11  Serial  Data  Flic  lO  - Com'''re33ed  Measurement  Data 

Data  File  10  contains  the  Information  defined  In  Table  15.7-14.  It  Is  available 
in  SPACE  Mode  and  Output  to  telemetry  is  controlled  by  the  File  Index  number  set 
by  a previously  uploaded  SET  DAVA  FILE  INDEX  Operational  Data  Command  (1E3). 

15.7 .5.12  Serial  Data  File  1 1 - Receiver  Dlagnos tic  Data 

Data  File  11  contains  the  receiver  diagnostics  which  are  transmitted  In  the 
format  described  In  Table  i5.7-15.  Data  File  11  is  available  in  Che  SPACE  Mode 
and  its  output  to  telemetrv  Is  controlled  by  the  File  Index  number  set  by  a 
previously  uploaded  SET  DATA  FILE  INDEX  Operational  Data  Command  (1E3). 
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Table  15.7-4.  Data  File  0 Definition:  Command  Echo  Data  Buffer 


Bits 

LS3 

Ra.ne-e 

Cnlt 

Sync  (EDE20)_ 

20 

NA 

NA 

NA 

File  ID  “ 0 

4 

1 

15 

None 

?ra.me  ID  =>  1 , 2,  3— 

8 

1 

255 

None 

EOT  Indicator 

16 

1 

o.-i 

None 

Checksum 

16 

NA 

NA 

NA 

Command  Block  1 

40 

NA 

NA 

NA 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

t 

• 

Command  Block  22 

40 

NA 

NA 

NA 

944 


.VOTES:  1.  This  file  can  be  output  only  -r.sn  ?./?A  Is  In  nor 

mode.  Due  to  half-duple.-c  r.cde  cf  operattnn.  t':: 
shall  ignore  data  contnands  during  the  ti~e  recyn 
output  this  file.  Therefore,  no  data  oormands 
be  uplinked  after  Issuance  on  the  data  ncrnr.and 
causes  this  file  to  be  output,  unta_  transr.asst 
the  file  has  been  completed. 

Zeros  shall  be  transmitted  tor  al-  or  a pcttton 
frame  if  the  buffer  is  not  full. 

Buffer  is  zeroed  after  transmtsstor. . 

See  section  3.8  fur  further  Information  on  -ne 
Echo  Buffer. 


2. 

3. 

4. 


‘5.  H/P.A  shall  provide  capability  by  so 


to  include  "zero  tllJ 
as  indicated. 


an  ti 


on  an 


The 

the 


EOT  Indicator  is  set  to  -or 

file  and  is  zero  otherv^i-se . 


15-65 


LSD-WTC-263 


f>  II 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


SVS-10266 
31  December  1981 


Table  15.7-5.  Serial  Data  File  1 Definition;  Memory  Load  Bit  Hap 


Bits 

LS3 

Ranme 

Chit, 

Sync  (EDE20)^g 

20 

NA 

NA 

NA 

Fils  ID  « 1 ^ 

4 

1 

Is 

None 

Frame  ID  * 1 

S 

1 

255 

None 

Word  1 

16 

NA 

NA 

.NA 

• 

• 

• 

• 

• 

• 

• 

• 

• 

t 

• 

• 

• 

• 

• 

Word  56 

16 

NA 

NA 

.'lA 

Zeros 

IS 

“Total  944 


NOTTS:  1.  Sit  1 of  iVord  1 ccrresooads  to  tde  value  of  a Me~ory 

Load  Block  Checksum,  for  tke  cetiory  block  starting  at 
R/?A  location  0.  Zacb  otner  bit  in  a Tord  represents 
the  checksum  for  an  upload  of  64  IS-bit  memory  words. 

2.  This  file  SAC  be  output  only  when  P./P.A.  is  in  th 
Load-  .Mode.  Due  to  half-duplex  mode  of  o 
tioo,  the  ?./?.4  shall  ignore  data  commands  durin 
time  required  to  cutout  this  file. 
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Table  15.7-6.  Data  File  2 Definition:  R/PA  Memory  Contents 


Bits  LS3  P.a.2ge  Units 


Sync  (EDZ20), - 

20 

NA 

NA 

NA 

File  ID  - 2 

4 

1 

15 

None 

Frame  ID  ••  1.  2,  3 

8 

1 

255 

None 

TOT  Indicator 

IS 

1 

0,-1 

None 

Checksum 

16 

ITA 

.N*A 

NA 

Starting  Location 

16 

NA 

N'A 

NA 

Word  (starting  location) 

16 

NA 

NA 

NA 

Word  (starting  location  -1) 

16 

NA 

.N*A 

NA 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

m 

* 

• 

0 

Word  (starting  location  -53) 

16 

.NA 

NA 

“Total  9A4 


NOTTS:  1.  This  file  can  be  output  only  when  the  ?./?A  is  i'n  the 

con::r:and  Ksode  or  the  boot  loader  r.cde.  Due  to  balf- 
duple.x  aode  oi  operation,  the  R/?A  shall  ig.tore  data 
coctsands  during  tbs  time  required  to  output  this 
file.  Therefore,  no  data  cotmands  should  be  uplinks 
after  issuance  of  the  data  command  ••vhlch  causes  this 
file  to  be  output,  until  t ranssission  of  the  file 
ha-s  been  completed. 


The  TOT  Indicator  Is  set  to  -1  for  the  last  frame  of 
the  file,  and  is  tero  othera-isa. 
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Table  15.7-7.  Data  File  3 Definition:  Current  Operating  Ephemerls 


Bits 


Sync  (EDE20),-  20 

Ftl<j  ID  « 3 4 

?ri.-ae  ID  •»  1 8 

Chec.^:3iia  16 

NTS  ID  ai  new  sitalllte  8 

apheaeris 

L'apaciied  Data  Block  I 192 

Packed  Data  Block  II  3S4 

Zeros  S 

'■Zero  fill 


LSB 

Ranee 

Unit: 

.YA 

NA 

NA 

1 

15 

Non® 

255 

Non® 

NA 

NA 

NA 

1 

255 

None 

944 


NOTES : 


This  file  is  traasaittad  •irdan  a new  epbeasris  ts  avail- 
able if  tbs  file  iade.t  is  greater  tbaa  aero. 
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Table  15.7-7.  Data  File  3 Definition:  Current  Operating  Ephemeris 


Unpacked.  Data  Slock  I 


Group  Delay 
Tiae 

Age  of  Clock  Data 
in  Data  Slock  I-AODC 


Sits  LS3  Range" 

32  2“^^  =2"^"^ 

32  2^^  524,238 


Units 


sec 


sec 


Reference  GPS  Tine 
Since  TTeekly  Spoch.  -t 

Clock  Correction 
PolyncDial 
Coefficisat  -3-2 

Clock  Correction 
Polynocial 
Coefficient  -a^^ 

Clock  Correction 
Polynocial  . 
Coefficient  -a^ 


oc 


32  2'^**'  604,  "34 


^2 


32  2“'^^  z2~^^ 


22  2”^"  =2"^'^ 


sec 


sec /sec 


sec/sec 


sec 


Total 


192 


® (r)  indicates  tkat  tke  sign  nit  shall  occupy  the  cost  signifi- 

cant bit  (kS3). 

The  accuracy  of  this  tern  is  greater  than  indicated  by  its  LS3 
because  the  1S3  is  act  truncated  cr  rounded. 
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Table  15.7-7.  Data  File  3 Definition:  Current  Operating  Ephemerls 

Packed  Data  Block  II 


Age  of  tke  epheneris 
data  in  chia  Islock 
(Sri)  - AODE 

Harmonic  coefficient 
for  satellite  radius 
correction  - 

rs 

Incremented  correction 
to  mean  notion  - in 


Mean  anonaly  at 
tine 

oe  o 


Harmonic  coefficient 
for  the  ara'ument  of 
latitude  correction  - 


Eccentricity  of 
orbit  - e 


Harmonic  coefficient 
for  the  argument  of 
latitude  correction  - 


Bits 

LSB 

Hansre* 

Units 

8 

.,11 

a 

524,288 

sec 

16 

2-5 

= 1024 

meters 

16 

2-43 

~9 

=4  X 10  ^ 

semicircles /sec 

32 

2-51 

- 1 

semicircles 

16 

2-29 

=6  .X  10  "5 

radians 

32 

2-53 

. 5 

dimensionless 

IS 

2-29 

=6  X 

radians 

LSD-WPC-263 
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Table  15.7-7.  Data  File  3 Definition;  Current  Operating  Epbemeris 


Packed  Data  Block  II 


Bits 

LS3 

Range" 

Units 

The  square  root  of  the 
seaii-sajor  a.tis  of  the 
orbit  /a 

32 

2-19 

8192 

aeters" 

GPS  ti=e  of  applicability 

of  epheaeris  data  is  this 

block  - t^^ 
oe 

16 

24- 

604,734 

seconds 

Spare  (2  bits  parity) 

3 

.HA 

NA 

Harmonic  coefficients 

9 

for  orbit  ioclicatioa 

15 

2-29 

=5  X 10"^ 

radians 

correction  - C. 

ac 

Right  ascension  of  the 
ascending  node  at  tire 

"'’oe  ” ^0 

32 

2-31 

seaicircles 

Earsonic  coefficients 

IS 

=5  .X  10"^ 

radians 

for  orbit  inclanation 

correction  - C.  ' 
is 

Inclination  of  orbit  - 

32 

2”31 

seaicircles 
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Table  15.7-7.  Data  File  3 Definition:  Current  Operating  Ephemeris 


Packed  Data  Block  II 


Bits 

LS3 

P.aace" 

Caits 

Hartnonic  coedficieat 

16 

2“5 

Cl 

o 

II 

meters 

ioT  satellite  radius 

correcticQ  - 

rc 

Argucect  of  perigee  - 

32 

-S'*  ■ 

2 

= 1 

sesici rcles 

iii 

Drift  rata  of  the 

24 

2-43 

5 .X  10*^ 

sesicirclss.'sec 

right  asceasioa  - 

Age  of  the  epheceris 
data  ia  this  block 
(S?2)  - .ACDE 

S 

2-^ 

524,235 

sec 

Spacre 

16 

N’A 

•XA 

XA 

i o b a 1 

334 

(t.)  indicates  that 

The  accuracy  ci  th 
because  the  L23  is 


the  sign  bit  shall  occupy  the  MSB. 

s terr:  is  greater  thac  icdicated  by 
cot  truncated  or  rounded. 


Its  _bo 


USD-V.T076  3 


IS- 7; 


\ 


P'.v.j  'jj 

Ot  :',:  :jy 


SVS-10266 
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Table  15.7-8.  Data 

File  4 

Definition:  System 

Status 

Bits 

LSB 

Range 

Units 

Sync  (EES20)^g 

20 

NA 

NA 

NA 

File  ID  » 4 

4 

1 

15 

NA 

Fraa®  ID  •»  1 

8 

1 

255 

NA 

Checksum 

16 

KA 

NA 

NA 

Tim®  (TCG) 

48 

1+1.023 

usee 

Receiver  Diagnostics 

32 

NA 

NA 

NA 

Navigation  Diagno.stics 

43 

NA 

NA 

NA 

System  Monitor  Diagnostics 

' 8 

1 

255 

NA 

Telemetry  Hardware 
Diagnostics’ 

8 

1 

255 

NA 

Analog  Hardware 
Diagnostics* 

8 

1 

255 

NA 

Bit  Error  Rata^ 

32 

1 

NA 

NA 

Telemetry  Buffer  Overrun 

S 

1 

255 

NA 

Digital  Critical  TLM 

32 

NA 

NA 

.NA 

Analog  TLM 

128 

NA 

NA 

NA 

HV  Almanac 

160 

.NA 

•NA 

NA 

HV  Almanac  Checksum  Error* 

S 

1 

255 

NA 

Zeros 

72 

NA 

NA 

NA 

Zero  Fill’ 

304- 

NA 

NA 

NA 

Total’ 

944 

NOTES: 


i 

» 

s 

s 

? 

> 


This  Jile  is  traasnrirtod  as  indicated  by  file  index. 

R/PA  shall  provide  capability  by  software  control  to 
include  "nero  fill"  in  file,  on  an  option  basis,  as 
indicated. 


TCG  time  is  the  tine  that  telenetry  fonaats  this  file. 
LSB  20  bits  are  nero;  only  MSB  25  bits  have  r.eaning. 

Represents  physical  ID  of  satellite  on  which  al.tanac 
collect  failed  (3-bat  Integer). 

Flag  to  indicate  hardware  error  detected  by  telemetry 
processing . 

Flag  to  indicate  hardware  error  detected  by  analog 
telemetry  processing. 


Number  of  demodulated  data  words  with  no  parity 
(16-bit  integer)  and  number  of  demcdulat ed  data 
with  parity  errors  (15-blt  i.nteger). 


error 

words 


Flag  to  indicate  error  in  chec-hsutn  computation. 
1 Error 
0 .No  Error 
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Table  15.7-8.  Data  File  4 Definition:  System  Status 

Receiver  Diagnostics 

Bit  No.  DescriPtlog 

VCO  Calibrate 
VCO  Linearity  Test 
Control  Loop  Bias  Test  L1-? 

Control  Loop  Bias  Test  LI -C/A 
Control  Loop  Bias  Test  L2-? 

Search,  Hate  Test  Ll~? 

Search  Rate  Test  Ll-C/A 
Search  Hate  Test  L2-? 

Slew  Rate  Test 
Rate  Aiding  Test 

Signal  Test  - Ins  Data  Denodulatioa 
Signal  Test  - 20  as  Data  Deaodulation 
Signal  Test  -■  Code  Sync 
Signal  Test  - Costas  Lock 
Signal  Test  - Detection 
Signal  Test  - Drift 

NOTE:  1.  Logical  1 aeans  warning  threshold  exceeded  for  this  test. 

2,  These  16  tests  are  r’an  for  Channel  1 and  Channel  2, 


1 (MSB) 

2 

3 

4 

5 

6 
7 
S 
o 

10 

11 

12 

13 

14 

15 

16  (LS3) 
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Table  15.7-8.  Data  File  4 Definition:  System  Status 


Naviearioa  Diaenostics 


Test  Mo.  * 


Description 


Mo  warning.. 

Velocity  variance  exceeds  thresho! 
Position  variance  s.xceeds  tdreshc! 
Residual  ratio  e.xceeds  tnresnoid. 


” Note  1: 
**  Note  2; 


16-bit  integer  value. 
32-bit  real  value. 


lsd-wpc-263 
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15-76 


number:  See  section  S h^'f-'i 
fcc:ber;  See  section  9.7-ci^  /.S 
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Table  15.7-8.  Data  File  4 Definition:  System  Status 


Analog  Telemetry 


Pits 

LS3 

Range 

Units 

R/PA 

Power  Supply 

+5  (standby) 

8 

2-5 

7 

Volts 

R/PA 

Power  Supply 

•^12  (standby) 

8 

2-^ 

15 

Volts 

R/PA 

Power  Supply 

-*■5 

8 

2*5 

7 

Volts 

R/PA 

Power  Supply 

-^12  (Analog) 

8 

2-^ 

15 

Volts 

R/PA 

Power  Supply 

Input  Current 

3 

C 

2 “ 

7 

A-mps 

R/PA 

Power  Supply 

Temperature 

8 

2-5 

7 

Volts 

R/PA 

Analog  Module 

Temperature 

8 

2-5 

4 

Volts 

Ext . 

Preasp  Tester 

ature 

8 

2“5 

7 

Volts 

Ext . 

Dual  Oscillat 

or  Case  Temperature 

8 

2"5 

7 

Volts 

Ext . 

Dual  Oscillator  Reg.  Voltage 

8 

2-^ 

15 

Volts 

Ext . 

Oscillator  rl 

Flask  Temperature 

8 

2-5 

7 

Volts 

Ext . 

Oscillator  ^2 

Flask  Temperature 

8 

2-5 

/ 

V*olts 

Ext . 

Dual  Oscillat 

or  Heater  Voltage 

8 

2-5 

31 

Volta 

Ext . 

Analog  TLM  1 

8 , 

2“5 

7 

Volts 

Ext . 

Analog  TLII  2 

8 

2-5 

i 

Volts 

Ext . 

Analog  TLA!  3 

R 

7 

Volts 

Total  123 
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Table  15.7-8.  Data  File  4 Definition:  System  Status 

H7  Alttanac 


Zccen.tricit:.  cf 
orbit  — s 

Tlae  of  applicability" 
of  alsaaac  paraaecers  - 

T 

*oa 

lacliaatioQ  of  orbit  - 
o 

Drift  rate  of  loajitude 
of  asceadias  code  cf 
orbit  - h 

Square  root  of  sesi- 
t:ajcr  axis  of  orbit  - 
/I 


Sits  LS3  Sar.gg 
16  2”’^"  2“- 

8 2^^  602,112 


Longituce  of  asceadicg 
code  of  orbit  at 

w O 


24  2 


•23 


- 1 


Argujreut  of  perigee  - uj  24  2 


-23 


Mean  aaocaly  at  t 


oa 


24  2 


-23 


"Ot3_ 


ISO 


Ucits 

Mone 

sec 

secicircle 

scnicircle/sec 

(meters 

semicircle 

semicircle 

semicircle 
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15.7-9.  Data  File  5 Definition:  NDS  Almanacs 


Bits 

LS3 

P.anre 

Units 

Srac  (IDZ20)^g 

20 

NA 

NA 

NA 

rile  ID  = 5 

4 

T_ 

15 

None 

Frane  ID  = 1 

8 

253 

None 

ChecksTia 

16 

NA 

NA 

NA 

^■DS  Alaaaac  1 

134 

* 

ITOS  .Alaanac  2 

1S4 

•NIJS  Alaanac  3 

184 

^•DS  Alaaaac  4 

184 

^■DS  ,Alaaaac  5 

144 

(FID  - a) 

Zeros 

16 

“Fraae  Total 

944 

Sync  CIDD20)^g 

20 

NA 

NA 

NA 

File  ID  ® 5 

4 

2^ 

15 

None 

Fraae  ID  = 2 

8 

1 

255 

None 

C'aecksua 

16 

NA 

NA 

NA 

^'DS  Alaanac  o 

40 

CJ„  - 

.NDS  Alaaaac  S 

1S4 

NDS  .Alaanac  7 

184 

NDS  Alaanac  S 

184 

NDS  Alaanac  9 

184 

.'OS  Alaeaac  10 

120 

:?i3  - r.„) 

“Fraji'iS  Tots.1  944 
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Qp  POOR  Q'JAl 


IS 

.*TY 


15.7-9.  Data  File  5 Definition:  NDS  Almanacs 


Bits 

LS3 

Eaaee 

Unit 

Svn 

c (FDF20) 

- - 

20 

NA 

NA 

.NA 

Fil 

e ID  = 5 

A 

•» 

13 

None 

t:e  ID  = 3 

3 

1 

255 

None 

Caecksus: 

13 

NA 

NA 

NA 

NDS 

.Alsaaac 

10 

64 

(4i  - a,  ) 

:rDs 

.-.Isazac 

•!  1 

1S4 

.NDS 

Alz&zzc 

12 

1S4 

.'DS 

.41r.aaac 

13 

1S4 

N*DS 

Alsaaac 

14 

1S4 

.NDS 

.-.laiaaac 

15 

So 

(DID  - /a' 

aite  Total 

944 

c (ZDZ20) 

IS 

20 

NA 

NA 

.NA 

s ID  **  5 

4 

•t 

13 

None 

Frarte  ID  = 4 

» 

8 

255 

None 

Cbs 

cks’ar: 

15 

NA 

NA 

N.4 

IvDS 

.41~aaac 

13 

S8 

(“o  " ^1^ 

NDS 

-41a:aaac 

15 

1S4 

NDS 

Alzzzzc 

17 

1S4 

.NDS 

Alnzzzc 

IS 

134 

NDS 

Aiaiaaac 

19 

184 

:tds 

Alt:aaac 

20 

72 

(?ID  - SET) 

•'Fra^s  Tctal  944 


1 5-80 


LSD-UTC-263 


15.7 


Sync  (ZDE20)^g 
File  ID  •»  5 
Frsj;ce  ID  ® 5 
Checksua 
NDS  Alaaaac  20 
NDS  Alaanac  21 
NDS  Alsanac  22 
JTDS  Al.aaaac  23 
:raS  Alaaaac  24 
Zeros 

Frane  Tonal 

File  Total 


NOTTS : 

1 • This 
the 


Cl'  i'Ow'fi.  J i i 
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9.  Data  File  5 Definition:  KDS  Almanacs 


Bits  LSB  Range  Units 


20 

NA 

NA 

NA 

4 

1 

15 

None 

8 

1 

255 

None 

16 

NA 

NA 

NA 

12 

(/a  - 

184 

134 

184 

184 

43 


944 

4720 


file  is  generated  when  a new  alranac  is  collected  i 
file  index  is  greater  than  zero. 
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15.7—9.  Data  File  5 Definition:  NDS  Alnxanaca 


NDS  Al3aaa.c  Data. 


Bits 

LS3 

Hange 

Units 

Satellite  ID  - ?ID 

S 

2° 

2S5«<‘ 

.N'A 

eccentricity  of  Satellite 
orbit  - e 

16 

2-21 

2-5 

dimensionless 

Time  of  applicability  of 
the  alaanac  parameters  to 
this  block  III  - t 

oa 

S 

2^2 

602,112 

sec 

Satellite  orbit  inclina- 
tion increment  - ii 

16 

2~19 

=2-*^ 

i 

semicircles 

Drift  rate  of  longitude 
of  ascending  node  of  the 
orbit  - D 

16 

2-38 

=2 

seci circles /sec 

Health  - SHV 

8 

2°  _ 

253 

.TA 

The  square  root  of  the 
seoi-caj°~  axis  of  the 
orbit  - rT 

24 

2-11 

1 3 
2-0 

(meters  ) * 

Longitude  of  ascending 

24 

2~23 

:1 

semicircles 

node  of  orbit  at  t - Q 

oa  o 

The  allowed  range  on  satellite  ID  is  0 to  33. 
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”*  tCS 

Of  FCwit  Qb'ALi  TY 

31 

15.7-9.  Data  File  5 Definition:  NDS  Almmacs 


NDS  .^.laasac  Data 


Sits  LSB  RaaET® 


..irguseat  or  perigee  - 


-23 

24  2 =1 


Mean  anot:aiv  at  t ~ M 

oa  o 


,-23 


=1 


Satellite  Clock  Drift  - a, 

i 

Total 


3 2‘ 

S 2 

184 


-23 


0 

=2 

.,-28 


SVS-10266 
December  1981 


Units 

sesicircles 

semicircles 

sec 

sec/seo 
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Table  15.7-10.  Data  File  7 Defintcion:  Navigatiow  Best  Estimate 


Bits 

LSB 

Range 

Units 

Sync  (EDE20)j^ 

20 

NA 

NA 

NA 

Pile  ID  »>  7 

4 

1 

15 

None 

Frame  ID  »»  1 

8 

1 

255 

None 

Checksum 

16 

NA 

NA 

NA 

Tj^j_(TCG) 

48 

H’1.023 

2^5.1 

usee 

Time  (GPS) 

48 

2-28 

220 

sec 

S ECEF  Position 

48 

4141 

aeter 

Y ECEF  Position 

48 

• 

mm 

meter 

Z ECEF  Position 

43 

mm 

meter 

X ECEF  Velocity 

32 

m 

meter/sec 

Y ECEF  Velocity 

32 

m 

meter/sec 

Z ECEF  Velocity 

32 

m 

meter/sec 

CTC  Clock  Bias  (b). 

32 

m 

meter 

UTC  Clock  Bias  Rate  (b) 

32 

m 

neter/sec 

Drag  Constant  (C^A/2m) 

32 

meter^/ks 

Position  Variance 

32 

m 

2 

meter 

Velocity  Variance 

32 

m 

(meter/sec ) 

Clock  Bias  Variance 

32 

m 

meter" 

Clock  Bias  Rate  Variance 

32 

m 

(meter/ sec ) 

Coded  Data 

32 

See  Table 

(CODE 

:D  DATA) 

No.  of  Valid  tioie  marks  16 

Six  time  marks  at 

48  bits  each  288 

Total  944 


NOTES 


1. 

2. 

3. 

4. 


5. 


* Single  Precision  Floating  Point  Number. 

Double  Precision  Floating  Point  Number, 
le;  'Fed , 

This  file  format  is  used  to  generate  data  file  7. for 
LANDSAT-D  GUSC?  application.  This  fils  is  formatted 
file  index  or  when  the  time  mark  buffer  fills  if  the 
index  is  greater  than  zero. 


T-,,(TCG)  shall  equal  zero  if  the  F./PA  is  pronaga 
with  the  receiver  cn  after  set  time  '*’rcm  HCW. 


LSD-WPC-263 
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Table  15.7-11. 

Data  File  8 Definition;  Kalman 

Input 

Bits 

LS3 

Range 

nnits 

Sync  (SDE20)^g 

20 

NA 

KA 

NA 

File  ID  - 8 

4 

1 

. 15 

None 

Frame  ID  ■»  1 

8 

1 

255 

None 

Checksum 

IS 

NA 

NA 

NA 

Primary  Channel 

NDS  Number 

8 

1 

255 

Nona 

Zeros 

8 

2^5-1 

Tj^^CTCG) 

48 

141.023 

usee 

PRl 

48 

«« 

meter 

Tj^CGPS) 

Tj^l(UTC) 

48 

48 

2~2S 

2-23 

2^0 

220 

sec 

sec 

APR 

32 

& 

meter 

T^(GPS) 

Tj^2CUTC) 

48 

48 

2-28 

_OQ 

2 

220 

o20 

sac 

sec 

Coded  Data 

32 

See  Table 

(CODED 

DATA) 

PRES 

32 

m 

meter 

DRES 

. 32 

<4 

meter 

«a>«Zero  Fill 

e»»Total 

944 

NOTES;  1.  * Single  Precision  Floating  Point  Nintber. 

2,  Double  Precision  Floating  Point  Nunsber. 

3.  R/PA  shall  provide  capability  by  software  control 
to  include  "zero  fill"  in  file,  on  an  option  basis,  as 
indicatad- 

— 

5..  This  file  is  formatted  as  specified  by  file  index. 

6.  Tj^j^(TCG)  shall, equal  zero  if  the  R/?A  is  propagating 
with  the  receiver  on  after  set  tirae  from  HO^. 

LSD-WPC-263 
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Table  15.7-12.  Dat  File  7 and  8 Definition  of  Coded  Data 


Bit  Nur.be r CMS3-LS3') 

1,  2 Satellite  Bits 

3 Alaanac/Zpheneris  Flag 

4,  5 Delta-Pseudoraxige  lleas. 
Quality  Flag  (BCODE) 

6-9  Pseudorange  Meas. 

Quality  Flag  (RCODE) 

10-15  .NT3S  ID 

16  Propagate  Flag 

17-24  Delra-Pseudorange  Residual 
Ratio 

25-32  Pseudoracge  Residual  Ratio 
Coded  Data  Total 


■ ts  Type 

2 INTEGER  (0-3)* 

1 1 « Almanac, 

0 *»  Ephemeris 

2 INTEGER  (0-3) 

« 

4 INTEGER  (0-15) 

6 INTEGER  (0-63) 

1 1 ■■  Propagate, 

0 >■  No  Propagate 

8 INTEGER  (0-235)** 

8 INTEGER  (0-255)““ 

32 

integerizing . 


Same  as  critical  TLM  satellite  bits. 

Ratios  scaled  by  multiplicaticn  by  10  before 
Range  of  coded  residual  ratios  is  0.1  to  25.5, 


LSD-V.TC-263 
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Table  15.7-13.  Data  File  9 Definition  Raw  Receiver  Measurements 


Bits 

LSB 

Range 

Units 

Sync  (rOE20)j^g 

20 

NA 

NA 

NA 

me  ID  - 9 

4 

1 

13 

None 

Frame  ID  “ 1 

e 

1 

2SS 

None 

Checksum 

IS 

NA 

NA 

NA 

Primary  Channel 

NDS  Number 

a 

1 

3S5 

None 

Zeros 

8 

-Ll- 

Tj^^(TCC) 

48 

1«1.023 

2<^1 

tisec 

RIONO 

32 

- 

• 

P CHIPS 

CTl 

32 

1 

30240000 

20tns 

CPI 

48 

- 

• • 

P CHIPS 

CT2 

32 

1 

30240000 

20tJS 

CP2 

48 

- 

on 

P CHIPS 

- 122  - 

cn 

S3 

1 

30240000 

2Ctes 

CPI 

48 

- 

P CHIPS 

CT3 

32 

1 

30240000 

20as 

CP2 

48 

O0 

P CHIPS 

32 

a-31 

13-10 

sec 

W 

A. 

32 

2-43 

,2-28 

sec/ sec 

1 

^3 

32 

2-55 

12-“S 

2 

sec/sec 

TOC 

32 

• «e 

604,784 

sec 

CODES 

RCODE 

S 

1 

255 

HA 

DCODE 

8 

1 

253 

NA 

Mode  Qualifier 

8 

1 

255 

. KA 

lono  Qualifier 

8 

1 

355 

HA 

Zeros 

16 

Zero  F U t 

Jc4 

Total  944 


NOTTS : 


1.  ° Siaglo  Precision  Float  leg  Point  Nunber. 

2.  Double  Precision  Floating  Point  Number. 

3.  Xti9  accuracy  of  tnis  tern  is  > tbar.  iadicated  by  Its 
LSD  because  the  I.S3  is  not  truncated  or  rounded. 

4.  Dckrti- 

5.  Sa®  bnC5  for  alconth.m.s  that  utlilne  these  va.ues. 

6.  This  ills  Is  eeneratad  when  a receiver  neauurenent  is 
taken  if  t.ho  file  inde.t  is  ct«ater  t.han  nero. 

?.  Tri  (TCO)  Shall  equal  tcro  if  :.he  N/PA  is  propagatlne 
wlib  the  receiver  on  after  sot  time  from  HO'Jf. 

8.  llode  Qualifier' 

0 " Sincle  channel  lono  data.  LSD-WPC-263 

1 ••  Dual  channel  lono  data. 

S.  loDO  Qualifier: 

0 “ lono  data  not  valid. 

1 «>  lono  data  valid. 


f m 


1 
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Table  15.7-14.  Data  File  10  Definition  Compressed  Measurement  Data 


Bits 

LS3 

Range 

Units 

Sync  (EDE20)^g 

20 

NA 

NA 

NA 

File  ID  » 10 

4 

1 

15 

None 

Frame  ID  « 1 

3 

1 

255 

None 

Checksum 

16 

NA 

NA 

NA 

First  NDS  Primary  Channel 

NDS  Number 

8 

1 

255 

None 

Tjj^(TCG) 

43 

1t1.023 

to 

tn 

1 

lisec 

PRj^ 

43 

<e4 

meter 

T^lCGPS) 

40 

2-20 

220 

sec 

APR 

32 

2“’20 

*s 

meter 

ATjjCGPS) 

24 

2*^ 

sec 

CODES 

RCODE 

8 

1 

255 

NA 

DCODE 

8 

:1 

255 

NA 

Second  NDS  Primary  Channel 

216 

Third  NDS  Primary  Channel 

216 

Fourth  N*DS  Primary  Channel 

216 

Zeros 

32 

Total 

NOTES: 


Single  Precision  Floating  Point  Number. 

Double  Precision  Floating  Point  Number. 

DeUteA. 

Times  of  reception  may  be  corapiited  from  the  file  10  data 
using  the  following  equations: 


TR^(UTC)  « T^^(GPS)  4-  PR^^ 


speed  of  light . 


TR^(UTC)  « T^^^(GPS)  + hTx(GPS)  + PR^  •«-  dPR 

C~ 

This  file  is  formatted  as  specified  by  file  index. 
Tg^(TCG)  shall  equal  zero  if  the  R/PA  is  propagating 
with  the  receiver  on  after  set  time  from  HOW, 
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Table  15.7-15.  Data  File  11  Definition  Receiver  Diagnostic  Data 


Bits 

LSB 

Range  Units 

Sync  (ZDE20)^g 

20 

NA 

NA  NA 

File  ID  = 

11 

4 

1 

13  None 

Fraae  ID  = 

1 

8 

1 

255  None 

Checksum 

16 

NA 

.NA  .NA 

Diagnostic 

Data 

Receiver 

1 

352 

Diagnostic 

Data 

Receiver 

2 

352 

Zeros 

192 

Total 

944 

NOTES : 1 . 

. This 

file  is  formatted 

when 

receiver  diagnostic 

sing 

is  completed  if  t 

he  f il 

e index  is  greater 
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15-89 


original 
OF  POOR 

SVS-10266 
31  December  1981 


Table  15.7-15.  Data  File  11  Definition  Receiver  Diagnostic  Data 

(Cont'd) 

Receiver  1 

Bits 

LS3 

Range 

Units 

“*3asebacd  AJI  Warsiags 

IS 

NA 

.NA 

.NA 

“““Basebaad  ATI  Failures 

16 

MA 

NA 

NA 

VCO  Slope 

IS 

DAC/Chips 

VCO  Intercept 

16 

1 

=2^^-l 

DAC 

VCO  Linearity  Error 

S 

1 

S3 

Errors 

Count 

Linearity  offset 

IS 

m 

* 

Chips 

L1-?  Control  Loop  Configura- 

8 

NA 

.NA 

NA 

taoa 

Li-P  Frequency  Drift 

IS 

If 

Chips 

Ll~C/A.Concrol  Loon  Confix- 

8 

NA 

NA 

uration 

Ll-C/A  Frequency  Drift 

16 

3E 

ft 

Chips 

L2-?  Control  Loop  Conf igtira- 

3 

NA 

-NA 

NA 

taoa 

L2~?  Frequency.  Drift 

16 

m 

at 

Chips 

L1-?  Search  Hate  Coafigura- 

8 

NA 

NA 

NA 

tion 

Ll-P  Dismiss  Rate 

16 

T_ 

n2“^-l 

CT  Epochs 

LI -C/A  Search, Rate  Coafigura 
toon 

- 8 

NA 

NA  ' 

NA 

Ll-C/A  Dismiss  F.ate 

16 

1 

1 ^ T 

CT  Epochs 

L2-?  Search  Rate  Configuration  8 

NA 

NA 

T 3 

:2-'’-l 

NA 

L2-?  Dismiss  Rate 

IS 

1 

CT  Epochs 

Slew  Error 

IS 

TSX 

ft 

Chips 

1-ms  Data  Demodulation 

8 

NA 

NA 

NA 

20-as  Data  Demodulation 

S 

NA 

NA 

NA 

Signal  Test-Code  Sync 

8 

NA 

NA 

NA 

Signal  Test-Ccstas  Lock 

8 

NA 

N4 

NA 

Signal  Test-Detection  Tims 

IS 

\ 

^ ^ ^ 0 ^ 

CT  Epochs 

Signal  Test  L1-?  Drift 

16 

m 

a 

Chips 

Signal  Test  L2-?  Drift 

IS 

St 

» 

’^ips 

Rate  Aid  Conf iguration 

8 

NA 

NA 

•A 

Rate  -lid  Offset 
Receiver  2 

IS 

352 

352 

t: 

Chips 

* USE’S  of  a single  precis 

ion  fl 

Dating 

point  aumbe 

’f* 

Refer  to  Data  File  4,  Rec  ive: 

Diagno 

sties,  for 

definition  i 

these  15  bits. 

7^ese  15  bats  are  used  t 

o repo 

rt  fail 

ures  for  r’l 

e same  test. 

as  the  above  defined  war 

nin^s , 

e.xcept 

for  tests 

2,  3 , 4 . ao( 

"ts-ch,  h^ve  zo  failure  ti^resiold. 
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DIRECT  ACCESS  S-BAUD 

The  Direct  Access  S-Band  (DASB)  aubsystem  consists  of  two  S-Sand  tcansmittere , a 
coaxial  switching  unit  and  an  S-Band  shaped  beam  antenna.  Subsystem  inputs  are 
clock  signals,  multiplexed  MSS  data  and  command  signals.  Subsystem  outputs 
consist  of  RF  signals  and  telemetry. 

16.1  FUNCTIONAL  DESCRI FTION 

The  direct  access  S-band  transmitter  receives  a 15.06  Mbps  NRZ-L  digital  data 
and  clock,  signals  from  the  MSS.  The  data  is  reclocked,  voltage  limited,  low- 
pass  filtered,  then  used  Co  frequency  modulate  (continuous-phase  PCM-FM)  one  of 
the  command  selectable,  redundant  10  watt  2265.5  MMa  transmitters.  A block 
diagram  of  the  Direct  Access  S-band  subsystem  is  shown  in  Figure  16.1-1. 

16.2  PERFORMANCE  CAPABILITIES 

Output  Performance 

Center  Frequency;2265.5  MHz 
Center  Frequency  Stability :+0. 005% 

Output  Power:  10  Kates,  miniauia 

Modulation  Characteristics 


Type  Data:NRZ-L  PCM-FM 
Deviatlon+5 .6  MHz  +5£ 

Deviation  Sense:Posttive  for  Logic  “1" 

Modulation  Data  Format: 1 5. Go  Mbps  NPZ-L 

Modulation  Transition  Time:  35  nanoseconds  (10%  to  90%) 
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16.3  MODES  OF  OPERATION 


There  are  oaly  ON  or  OFF  operating  modes  for  the  transmitters  as  shown  in  Table 
16.3-1. 


Table  16.3-1.  S-Band  Operating  Modes 


XMTR  A 

XMTR  B 

MODE 

A 

ON 

OFF 

MODE 

B 

OFF 

ON 

MODE 

C 

OFF 

OFF 

NOTE:  Prime  power  for  S-Band  transmitter  operation  is  provided  via  the  Power 

Distribution  Unit  (PDU).  The  power  enable  commands  also  select  the 
coaxial  switch  configuration  for  routing  the  selected  transmitter's 
power  output  to  the  S-band  shaped  beam  antenna. 

16.4  CONSTRAINTS 

The  operating  constraints  for  the  direct  readout  S-bana  transmitters  are  as 

follows: 

1.  Only  one  transmitter  should  be  powered  at  a time. 

2.  The  transmitters  will  be  off  during  launch,  and  transmission  can 
commence  8 hours  after  launch. 

3.  The  maximum  duty  cycle  should  be  30  minutes  maximum  in  a 100  minute 
period.  The  nominal  duty  cycle  is  15  minutes  in  a 100  minute  period. 

4.  Maximum  transmitter  power  amplifier  temperature  is  70°C.  The  OBC 
continuously  monitors  the  S-band  power  amplifier  temperature  telemetry 
point  and  Issues  the  S-band  power  OFF  command  when  the  last  three 
consecutive  samples  of  the  temperature  telemetry  point  checlts  out-of- 
limit. 

5.  Both  transmitters  should  be  off  before  issuing  an  enable  command  for  a 
transmitter. 

16.5  REDUNDANCY/CROSS  STPA.PPING 

Redundancy  is  provided  by  two  separate  transmitters  with  either  selected  by 

Individual  ON  and  OFF  commands. 
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Cross  strapping  is  provided  for  the  selected  transmitter  power  output  to  the  S~ 
band  antenna  via  the  coax  switch.  The  coax  switch  configuration  is  set  with  the 
Transmitter  A Enable  or  the  Transmitter  B Enable  command  executed  in  the  PDO. 
See  Figure  16.5-1  for  the  location  of  S~band  redundancies. 

16.6  COMMANDS 

All  commands  for  the  DASB  transmitters  are  related  to  supplying  DC  power  for 
their  operation.  Seven  real-time,  discrete  commands  are  used  for  this  purpose 
and,  of  these,  three  are  in  the  PDU  while  the  remaining  four  are  in  the  DASB 
transmitters.  All  of  these  commands  are  listed  in  Table  16.6-1. 

The  commands  effected  through  the  PDU  are  described  in  Paragraph  16.6.1  which 
also  includes  Illustrative  circuitry.  Similar  information  on  the  commands  in 
the  DASB  transmitters  is  provided  in  Paragraph  16.6.2. 

16.6.1  COMMANDS  VIA  THE  PDU 

The  commands  for  the  DASB  which  are  Implemented  in  the  PDU  are  identified  by 
command  name  and  Remote  Interface  Unit  (RIU)  channel  number  in  Table  16.6-1. 
The  block  diagrams  for  these  circuits  is  provided  in  Figure  16.6-1. 

16.6.1.1  Transmitter  A Power  Enable  (FNSBDA,  Cmd  604) 

This  command  employs  pulse  stretching  circuitry  to  close  the  bipolar  relay  whlcli 
channels  fused  28  Vdc  power  from  Instrument  Module  (IM)  Bus  A in  the  PDU  to  the 
power  supply  of  Transmitter  A of  the  DASB  subsystem  as  shown  in  Figure  16.6-1. 
Note  that  closure  of  this  relay  results  in  supplying  charging  currents  to  any 
input  filter  elements  of  Transmitter  A (including  those  of  the  dc/dc  converter, 
if  connected).  Therefore,  to  minimize  the  energy  that  must  be  supplied  through 
the  contacts  of  the  Power  Enable  relay  to  charge  input  filters,  the  transmitter 
should  be  deenergized  whenever  possible  by  sending  the  Transmitter  A Power  Off 
(SAOFF)  command  (see  Paragraph  16.6.2.2  for  Information  on  this  command)  rather 
than  by  the  use  of  the  Disable  command. 
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Table  16.6-1.  Direct  Access  S-Band  Transmitter  Commaad  List 


Reference 

Command  Name 

Acronym 

RIU-CH. 

Subsystem 

Paragraph 

XMTR  A PWR  ENABLE 

ENSBDA 

6-04 

PDU 

16.6.1.1 

XMTR  B PWR  ENABLE 

ENSBJB 

6-08 

PDU 

16.6.1.2 

Xl-ITR  PWR  DISABLE 

DISSBD 

6-35 

PDU 

16.6.1.3 

XMTR  A PWR  ON 

SAON 

8-02 

DASB 

16.6.2.1 

XMTR  A PWR  OFF 

SAOFF 

8-53 

DASB 

16.6.2.2 

XMTR  B PWR  ON 

SBON 

8-57 

DASB 

16.6.2.3 

XMTR  B PWR  OFF 

SBOFF 

8-30 

DASB 

16.6.2.4 

In  addition  to  enabling 

this  power 

source,  this 

command  is  also 

routed  to  ttie 

pulse  stretcher  which 

controls 

the  bipolar 

relay  of  the  Coaxial 

Switch.  The 

Transmitter  A Power  Enable  command 

orients  the 

coaxial  elements 

of 

this  switch 

so  that  the  RF  output  of  Transmitter  A is  connected  to  the  shaped-beam  S-Sand 
antenna  when  power  is  supplied  to  Transmitter  A.  Note  that  while  IM  Bus  A (28 
Vdc)  powers  the  Transmitter  A Enable  relay  coil  and  Transmitter  A of  the  DA3B, 
the  coaxial  relay  coils  are  energized  from  either  Bus  A or  Bus  B,  utilizing 
diodes  to  maintain  isolation  of  these  two  busses  and  1/4  A fuses  to  provide  bus 
protection. 


16.6.1.2  Transmitter  B Power  Enable  (ENSBDB , Cmd  608) 

Fused  power  from  IM  Bus  B in  the  PDU  Transmitter  B of  the  DASB  is  enabled  by 
this  bipolar  relay  usiug  circuitry  identical  to  that  for  Transmitter  A as 
illustrated  in  Figure  16.6-1.  Again,  to  protect  the  contacts  of  this  relay, 
Transmitter  B should  be  deenergized  whenever  possible  by  the  Transmitter  B Power 
Off  (SBOFF)  command  (see  Paragraph  16.6.2.4  for  information  on  this  command) 
rather  than  by  the  use  of  the  Disable  command.  The  Transmitter  B Power  Enable 
command  also  actuates  the  coil  of  the  Coaxial  Switch  relay  so  that  its  elements 
route  the  RF  output  of  Transmitter  B to  the  shaped-beam  S-band  antenna  when  this 
transmitter  is  energized.  This  coil  of  the  Coaxial  Switch  is  provided  power  in 
a manner  similar  to  that  described  in  Paragraph  16.6.1.1. 
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Figure  16.6-1.  Circuitry  of  DASB  CoEjmands  Included  in  the  PDU 
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16.6.1.3  Transmitter  Power  Disable  (PISSED,  Cmd  635) 

This  command  Is  mechanized  to  remove  the  dc  power  from  both  transmitters  and 
thus  to  turn  them  off.  As  depicted  In  Figure  16.6-1,  the  command  pulse  is 
applied  to  pulse  stretchers  servicing  the  disable  coils  for  the  enabling  relays 
of  both  transmitters. 

In  addition  to  being  disabled  by  this  specific  command,  these  relays  are  also 
inactivated  by  four  other  means.  The  PDU  develops  redundant  Payload  Off  signals 
whenever  it  receives  an  indication  from  the  Modular  Attitude  Control  System 
(MACS)  of  the  Flight  Segment  (FS)  that  the  Safe-Hold  (S/H)  mode  of  attitude 
control  has  been  implemented.  These  redundant  signals  (S/H  A and  S/H  B)  are 
applied  to  separate  pulse  stretchers  in  the  PDU  which  are  connected  through 
diodes  to  operate  the  disable  coils  for  the  enabling  relays  of  both 
transmitters.  In  addition,  when  a Payload  Off  command  is  received  by  the  PDU 
from  its  RIU,  this  signal  is  provided  in  a logical  "or"  arrangment  with  the  S/H 
A signal  to  the  appropriate  pulse  stretcher.  A similar  Payload  Off  command 
received  by  means  of  an  umbilical  connection  from  either  the  Shuttle  or  launch 
site  blockhouse  can  be  accepted  by  the  pulse  stretcher  associated  with  the  S/H  B 
signal. 

In  summary,  power  to  both  transmitters  will  be  interrupted  when  any  one  of  these 
five  signals  are  received  and/or  processed  by  Che  PDU: 

1.  Transmitter  Disable  Command 

2.  Safe-Hold  A activation  ' 

3.  Safe-Hold  B activation 

4.  Payloads  Off  command  through  the  RIU  supervisory  line 

5.  Payloads  Off  command  through  the  umbilical  connection. 

16.6.2  COMMANDS  IN  THE  DASB  TRANSMITTERS 

Those  commands  which  are  in  the  DASB  transmitters  are  identified  in  Table  16.6-1 
by  command  name  and  RIU  channel  number.  The  block,  diagram  for  the  command 
circuitry  is  provided  in  Figure  16.6-2.  • 
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Figure  16.6-2.  Block  Diagram  of  DASB  Command  Circuits 
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16.6.2.1  Transmitter  A Power  On  (SAON,  Cmd  802) 

This  discrete  pulse  command  is  applied  to  the  Transmitter  A Power  On  Set  relay, 
the  contacts  of  which  supply  a 28  Vdc  signal  to  a pulse  stretcher  that  activates 
the  "On"  coil  of  the  bipolar  Transmitter  A Power  Relay,  as  Illustrated  in  Figure 
16.6-2.  A review  of  this  circuit  and  that  of  Figure  16.6-1  will  indicate  that 
this  relay  cannot  be  actuated  until  28  Vdc  is  present  as  the  result  of  closing 
the  Transmitter  A Enable  relay.  The  28  Vdc  is  used  both  in  the  pulse  stretcher 
circuit  and  to  energize  the  relay  coil. 

16.6.2.2  Transmitter  A Power  Off  (SAOFF,  CMd  853) 

This  conimand  is  Implemented  through  the  same  type  of  circuitry  as  that  described 
in  Paragraph  16.6.2.1  (and  shown  in  Figure  16.6-2)  Co  remove  the  28  Vdc  from 
this  transmitter  and  thus  to  deenergize  it.  As  mentioned  in  Paragraph  16.6.1.1, 
the  normal  mode  of  removing  this  transmitter  from  operation  should  always  be  by 
means  of  this  command.  This  routine  will  minimize  the  charging  current  flow 
through  the  enable  relay  contacts  by  normally  requiring  only  the  charging  of  the 
Power  Supply  Filter.  Obviously,  if  an  abnormal  shut  down  is  initiated  by  a 
Payloads  Off  or  a SaferHold  signal,  this  procedure  cannot  be  followed. 

16.6.2.3  Transmitter  B Power  On  tSBON,  Cad  857) 

The  mechanizaticn  of  this  command  is  the  same  as  that  for  Transmitter  A Power  On 
described  in  Paragraph  16.6.2.1  except  that  the  B unit  Is  operated. 

16.6.2.4  Transmitter  B Power  Off  (SBOFF,  Cmd  830) 

The  description  of  this  command's  operation  is  the  same  as  that  for  the 
Transmitter  A Power  Off  (Paragraph  16.6.2.2)  except  that  Transmitter  B is 
affected. 


16.6.3  COMMAND  SEQUENCES 

The  sequence  of  commands  for  functions  associated  with  the  DASB  are  listed  in 
Table  16.6-2. 


LSD-WPC-263 


of  POOR  QOAUrY 


SVS-10266 
31  December  1981 

Table  16.6-2.  DASB  Command  Sequences 


FUNCTION  STEP  NO.  COMMAND  NAME  ACRONYM 


Turn 

Transmitter 

A 

On 

1 

XMTR 

A 

PWR 

ENABLE* 

ENSBDA 

2 

XMTR 

A 

PWR 

ON 

SAON 

Turn 

Transmitter 

A 

Off 

1 

XMTR 

A 

PWR 

OFF 

SAOFF 

(Normal) 

Turn 

Transmitter 

B 

On 

1 

XllTR 

B 

PWR 

ENABLE* 

ENSrOB 

2 

XMTR 

B 

PWR 

ON 

SBON 

Turn 

Transmitter 

B 

Off 

1 

XMTR 

B 

PWR 

OFF 

SBOFF 

(Normal) 


NOTE:  In  the  event  chat  the  transmitter  in  use  has  failed  and  it  Is  desired  to 

place  the  other  transmitter  In  operation,  the  "Turn  Transmitter  Off" 
command  for  the  Ccanscaitter  to  be  removed  from  service  should  be  followed 
by  "Transraitter  Power  Disable"  command. 

* The  Enable  command  associated  with  the  specific  transmitter  should  always 
be  sent  before  its  Power  On  command  is  sent  since  the  Enable  command  also 
commits  the  S-band  antenna  to  Che  transmitter  enabled.  This  precaution 
will  assure  that  the  transmitter  in  use  is  connected  to  the  transmitting 
antenna . 

16.7  TELEMETRY 

Operation  of  Che  DASB  transmitter  is  monitored  by  using  a total  of  15  telemetry 

channels.  Eleven  of  these  are  in  the  transmitter  itself  and  of  these,  three  are 

bi-level  digital,  six  are  active  analog  and  tv;o  are  passive  analog.  Two  bi- 
level digital  monitors  are  in  the  PDU  and  two  analog  telemetry  points  are 

Included  in  the  thermal  subsystem  monitors.  All  of  these  telemetry  monitor 

channels  are  listed  in  Table  16.7-1.  The  monitors  in  the  DASB  are  described  and 
circuitry  illustrated  in  Paragraphs  16.7.1  through  16.7.3.  Similar  Information 
on  telemetry  monitors  in  other  subsystems  is  provided  in  Paragraph  16. 7. 4-. 

lb. 7.1  DASB  DIGITAL  BI-LEVEL  WORD  TELEMETRY  MONITORS 

The  functions  in  the  DASB  that  are  monitored  by  bi-level  digital  words  are 
listed  in  Table  16.7-1  by  their  user  Identlf tcation  (ID)  number.  As  indicated 
there,  these  monitors  are  included  In  Bi-level  Word  707.  Table  16.7-2  provides 
the  details  of  these  telemetry  data. 
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Table  16.7-1.  Direct  Access  S-Band  Transmitter  Telemetry  List 




MATRIX  LOCATION 

RtFEREKCE 

USER  10 

rUNCTIOH  NAME 

ACRONYM 

TYPE 

MISSION 

RIU-CH 

PARAGRAPH 

OASB-OI 
BU  0 

BIIEVEL  WORD  707: 

XMTR  A POWER  ON/OFF  (RELAY  ONLY) 

SXMTRAON 

B/L-0 

33,76 

33,76 

07-72 

07-72 

16.7.1.1 

BU.  1 

XMTR  B POWER  ON/ OFF  (RELAY  ONLY) 

SXMTRBON 

B/L-0 

33,76 

33.76 

07-73 

16.7.1 .2 

BU  4 

S-B  ANTENNA  SELECT  XMTRA/XHTR  B 

SANTAORB 

B/L-0 

33,76 

33,76 

07-76 

16.7.1  .3 

OASB-02 

XMTR  A PWER  SUPPLY  MONITOR 

SAPWRSUP 

Act-Ai\ 

33,77 

33,77 

07-95 

16.7.2.1 

DASB-03 

XMTR  B POWER  SUPPLY  MONITOR 

SBPWRSUP 

Act-An 

33,78 

33,78 

07-97 

16. 7. 2. 2 

uAS3-l)6 

XMTR  A FORWARD  RF  POWER 

SABIBPWR 

Act. -All 

33,81 

33,81 

07-98 

16.7.2.3 

DASB-07 

XMTR  B FORWARD  RF  POWER 

5BFWDPWR 

Act-An 

33,82 

33,82 

07-99 

15.7.2.4 

OASB-08 

XMTR  A REFLECTED  RF  "DHER 

SAREFPWR 

•Act-An 

33,83 

33,83 

07-100 

16.7,2.5 

DASB-0} 

XMTR  a REFLECTED  RF  POWER 

SBREFPHR 

■Act-An 

33,64 

33,84 

07-101 

16.7.2.6 

OASB-04 

XMTR  A POWER  AMP  TEMP 

SAPAT 

Pa*'  -An 

33,79 

33,79 

07-18 

16.7.3.1 

DASB-05 

XMTR  8 POWER  AMP  TEMP 

SBPAT 

Pas -An 

33,80 

33,80 

07-19 

16.7.3.2 

POU-02 

B I -LEVEL  WORD  601: 

BU  6 
BU  ? 

OASB  POWER  A ENABLEO/DiSABLEO 
asSB  POWER  B ENABLED/DISABLED 

YSBAWR 

YSBBPWR 

B/L-0 

8/L-O 

33.85 

33.86 

33.85 

33.86 

06-47 

06-48 

16.7.4.1  .1 
16.7.4.1  .2 

TH-19 

S-BAND  XMTR  PANEL  TEMP  NO.  1 

QTSBXPi 

Pas -An 

33,103 

33,103 

07-20 

16.7.4,2.1 

TH-20 

S-BAHD  XMTR  PANEL  TEMP  HO.  2 

QTS8XP2 

Pas-An 

33,122 

33,122 

08-84 

15.7.4.2.2 
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Table  16.7-2.  DA.SB  Digital  Telemetry  Bits 


Bit 

Bit 

User  ID 

Number 

State 

Status  Indication 

DASB-Ql. 

0 

0 

Transmitter  A 

relay  Off 

(Bi-level 

1 

Transmitter  A 

relay  On  and  input  power 

present 

Word  707) 

1 

0 

Transmitter  B 

relay  Off 

1 

Transmitter  B 

relay  On  and  input  power 

present 

4 

0 

S-Band  Antenna  to  Transmitter  A 

1 

S-Band  Antenna  to  Transmitter  B 

PDU-02 

6 

0 

Power  to  DASB 

Transmitter  A Enab,lad 

(Bi-level 

1 

Power  to  DASB 

Transmitter  A Disabled 

i 

Word  601) 

7 

0 

Power  to  DASB 

Transmtlter  B Enabled 

j 

1 

Power  to  DASB 

Traasmitcer  B Disabled 

16.7.1.1  Transmitter  A Power  On/Off  (DASE-01,  Bit  0) 


The  status  of  the  power  relay  for  Transmitter  A of  the  DASB  is  indicated  by  this 
monitor  In  accordance  with  the  bit  states  identified  in  Table  16.7-2.  The 
monitor  utilizes  28  Vdc  power  from  the  PDU  through  the  "DASB  Enable  Power,  A" 
relay  in  that  unit  (see  Paragraph  16.7.4.1.1).  For  this  reason  the  monitor  of 
this  relay  status  has  no  meaning  unless  Transmitter  A has  been  enabled  in  the 
PDU.  The  circuitry  associated  with  this  telemetry  point  is  shown  near  the 
Transmitter  A Power  On/Off  relay  in  Figure  16.7-1. 

16.7.1.2  Transmitter  B Power  On/Off  (DASB-Ql,  Bit  1) 

The  status  of  the  power  relay  for  Transmitter  B of  the  DASB  is  indicated  by  this 
monitor  in  accordance  with  the  bit  states  identified  in  Table  16.7-2.  The 
circuitry  is  shown  in  Figure  16.7-2  with  28  Vdc  power  being  supplied  from  the 
PDU  through  the  "DASB  Enable  Power  B"  relay  (see  Paragraph  16. 7. A.  1. 2).  The 
monitor  of  this  relay  status  has  no  meaning  unless  Transmitter  E has  been 
enabled  in  the  PDU. 
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16.7.1.3  S-Band  Antenaa  Select  Transmitter  A/Xransmltter  B (DASB-01 , Bit  4) 

The  ideatlf Icacioa  of  the  transmitter  which  is  connected  to  the  S-band  antenna 
is  provided  by  this  monitor  in  accordance  with  the  bit  states  shown  in  Table 

16.7- 2.  This  telemetry  is  energized  by  the  power  supply  in  RIU  7A/7B  utilizing 
the  circuitry  associated  with  the  Coaxial  Switch  on  Figure  16.7-1. 

16.7.2  DASB  ACTIVE  ANALOG  TELEMETRY  MONITORS 

The  analog  telemetry  monitors  for  the  DASB  are  listed  in  Table  16.7-1  by  their 
user  ID  number  and  function  names.  Telemetry  limits  are  defined  in  Table 

16.7- 3.  For  information  regarding  calibration  curves  for  the  telemetered 
functions,  see  Appendix  A. 16. 

16.7.2.1  Transmitter  A Power  Supply  (DASB-02) 

The  level  of  voltage  from  the  pre-regulated , +23  Vdc  power  supply  for 
Transmitter  A is  measured  by  a voltage  divider  connected  between  the  supply  and 
its  return  line.  This  supply  is  used  in  the  RF  amplifier  and  output  circuitry 
for  the  A transmitter.  Since  its  level  is  only  pre-regulated,  it  serves  as  an 
indicator  for  the  health  of  the  DC  to  DC  converter  and  the  power  to  the  +18V, 
+15V  and  +5  Vdc  power  supply  outputs  for  the  A transmitter,  all  of  which  are 
regulated  sources.  The  circuit  for  this  monitor  is  shown  in  Figure  16.7-Z. 
Operating  limits  for  this  function  are  listed  in  Table  16.7-3  and  the 
calibration  curve  is  shown  in  Figure  A16-1. 

16.7.2.2  Transmitter  B Power  Supply  (DASB-03) 

The  description  of  this  telemetry  function  is  identical  to  that  in  Paragraph 
16.7.2.1  except  that  the  power  supply  of  DSjVB  Transmitter  B is  monitored. 

16.7.2.3  Transmitter  A Forward  RF  Power  (DASB-06) 

This  telemetry  function  monitors  the  level  of  power  which  is  sent  from  the  RF 
amplifier  of  DASB  Transmitter  A to  the  antenna.  Elements  in  a circulator 
isolator  filter  are  used  as  the  means  to  develop  a DC  voltage  across  a resistor 
that  is  proportional  to  the  RF  output  of  the  power  amplifier  for  this 
transmitter.  The  circuit  for  the  monitor  is  shown  in  Figure  16.7-3.  Operating 
limits  are  listed  in  Table  16.7-3. 
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16.7.2.4  Transmitter  Forward  Power  (DASB-07) 

The  description  of  this  telemetry  function  is  identical  to  that  in  Paragraph 

16.7.2.3  except  that  the  RF  forward  power  from  the  DASB  Transmitter  B is 
monitored. 


16.7.2.5  Transmitter  A Reflected  RF  Power  (DASB-08) 

The  power  reflected  back  from  the  transmission  line  and  antenna  to  DASB 
Transmitter  A is  monitored  by  this  telemetry  circuit.  Another  part  of  the  same 
circular  Isolator  filter  used  for  forward  power  monitoring  is  utilized  for  this 
telemetry  monitor.  The  Voltage  Standing  Wave  Ratio  (VSWR)  at  the  transmitter  may 
be  calculated  from  the  forward  and  reflected  power  data  obtained  by  using  this 
formula: 


VSWR  - 1 + 

1 - 

where  2 „ Reflected  RF  Power 

t'‘'o  rwa  riTTU;”  Pow'e  r 

The  elements  of  the  filter  and  the  circuit  used  to  develop  the  telemetry  signal 
proportional  to  the  reflected  power  are  shouna  in  Figure  16.7-3.  Operating 
limits  are  listed  in  Table  16.7-3. 


16.7.2.6  Transmitter  B Reflected  RF  Power  (DASB-09) 

The  description  of  this  telemetry  function  is  identical  to  that  in  Paragraph 

16.7.2.3  except  that  the  reflected  RF  power  with  the  DASB  Transmitter  B antenna 
system  is  monitored. 


16.7.3  DASB  PASSIVE  ANALOG  TELEMETRY  MONITORS 

The  passive  analog  telemetry  monitors  for  the  JJaSB  are  listed  in  Table  16.7-1  by  , 
User  ID  nurr.ber  and  function  name.  Telemetry  lii.iits  are  defined  in  Table  16.7-3. 
For  information  regarding  calibration  data  for  the  telemetr}--  functions,  see 
appendix  A»l6, 

16.7.3.1  Transmitter  A Power  Amplifier  Temperature  (DASB-04) 

The  temperature  of  the  power  amplifier  of  the  DASB  Transmitter  A is  monitored  by 
this  telemetry  point.  The  circuitry  for  this  passive  analog  circuit  is  shown  in 
Figure  16.7-4.  The  I mA  current  pulse  for  the  monitor  is  supplied  from  RIU  7. 
Operating  limits  are  listed  in  Table  16.7-2. 
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de  Pwr,  Sup.  Monitor 
7 Telemetry  (DASB-02,03) 


Telemet'^y  Return 
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Power  Return 


Figure  16.7-2.  Transmitter  Power  Supply  Monitor  Telemetry  Circuit 
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Figure  16.7-4.  Transmitter  Temperature  Telemetry  Circuit 
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1 6 . 7 * 3 » 2 Transiaitter  ^ Power  Aapllfter  Teaperature  (DASB-05) 

The  description  of  this  telemetry  functioa  is  ideatical  to  that  contained  in 
Paragraph  16.7.3.1  except  that  the  temperature  is  monitored  in  DASB  Transmitter 

B. 


16.7.4  DASB  TELEMETRY  IN  OTHER  SUBSYSTEMS 

In  addition  to  the  telemetry  circuits  which  are  an  integral  part  of  the  DASB, 
monitors  for  this  transmitter  are  located  in  two  other  subsystems  of  the  IM. 
Information  on  them  is  included  in  Tables  16.7-1  through  16.7-3,  as  appropriate. 
Descriptions  of  their  functions  and  circuit  illustrations  are  provided  here. 

16.7.4.1  Monitors  in  PDU 

16.7.4.1.1  Power  to  DASB  Transmitter  A Enable/Disable  (PDU-02,  Bit  6) 

The  status  of  Che  relay  which  provides  24  Vdc  power  from  the  IM  to  DASB 
Transmitter  A is  monitored  by  this  bl-level  digital  telemetry  point.  Its 
characteristics  are  summarized  in  Table  16.7-1  and  the  circuitry  is  shown  in 
Figure  16.7-1.  The  Enable  relay  will  be  disabled  either  by  specific  commands  to 
the  PDU  or  when  Che  PDU  receives  signals  that  the  Flight  Segment  must  be 
configured  for  the  Safe-Hold  Mode  as  discussed  in  Paragraph  16.6.1.3.  Any  one 
of  the.se  conditions  places  the  Enable/Disable  relay  for  both  Transmitters  A and 
B in  Che  Disable  state  as  illustrated  in  Figure  16.7-1.  The  status  indication 
associated  with  the  two  states  of  the  bi-level  telemetry  monitor  is  shown  in 
Table  16.7-2. 

16.7.4.1.2  Power  to  DASB  Transmitter  B Enable/Disable  (PDU-02,  Bit  7) 

The  status  of  the  relay  which  provides  24  Vdc  power  from  the  IM  to  DASB 
Transmitter  B is  monitored  by  this  bi-level  digital  telemetry  poin‘  The 
description  provided  in  Paragraph  16-7. 4. 1.1  applies  to  this  monitor  ’ •.-  •it  that 
Transmitter  B is  affected.  Note  that  the  same  functions  which  aisable 

Transmitter  A also  disable  Transmitter  B. 

16.7.4.2.1  S-Band  Transmitter  Panel  Temperature  No.  1 (TH-19) 

The  temperature  at  one  point  on  the  mounting  panel  for  the  S-band  transmitter  in 
the  IM  is  monitored  by  this  telemetry  monitor.  The  circuitry  for  this  passive 
analog  circuit  is  shown  in  Figure  16.7-4.  The  1 ibA  current  pulse  is  supplied 
from  RIU  7.  Operating  limits  are  listed  in  Table  16.7-2. 


16.7.4.2.2  S-Band  Transmitter  Panel  Temperatura  No.  2 (TH-20) 

This  monitor  is  a redundant  unit  to  that  described  in  Paragraph  16.7.4.2.1  and 
monitors  another  point  on  Che  mounting  panel.  Other  iaformatlon  in  that 
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paragraph  applies  to  this  telemetry  point  except  that  the  1 taA  current  pulse  is 
supplied  from  RIU  8. 
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MULTI-SPECTRAL  SCANNER 

The  MSS  flight  system  is  designed  to  gather  multispectral  measurements  to 
identify  geological,  agricultural/forestry  and  other  ^arth  resource  features. 
This  system  generates  the  Information  necessary  to  produce  maps  of  radiant 
energy  reflected  in  the  assigned  spectral  bands  in  order  to  determine  the 
spectral  character Ist  .cs , within  each  resolution  cell  of  the  terrain  beneath  the 
flight  segment.  This  is  accomplished  by  imaging  the  data  in  all  spectral  bands 
simultaneously  with  the  same  optical  system.  The  MMS  consists  of  a scanner  and  a 
multiplexer . 

17.1  FUNCTIONAL  DESCRIPTION 

The  Multispectral  Scanner  (MSS)  subsystem  gathers  data  by  isjaging  the  surface  of 
the  earth  in  several  spectral  bands  'simultaneously  through  the  same  optical 
system.  Figure  17.1-1  is  a highly-simplified  pictorial  overview.  Figure  17.1-2 
provides  the  scanner  functional  block  diagram.  The  MSS  is  a 4-band  scanner 
operating  in  the  solar-reflected  spectral  band  region  from  0.5  to  1.1  microiaeter 
wave  length.  The  four  spectral  bands  are: 

Band  1 0.5  to  0.6  micrometers  (visible) 

Band  2 0.6  to  0.7  micrometers  (visible) 

Band  3 0.7  to  0.8  micrometers  (near  IR) 

Band  4 0.8  co  1.1  micrometers  (near  IR) 

Bands  1 through  3 use  photomultiplier  tubes  as  detectors;  Band  4 uses  silt' 
photodiodes. 

Figures  17.1-3  and  17 . 1-4  illustrate  the  dynamics  of  the  scan  pattern.  The  MSS 
scans  cross-track  swaths  of  185  kilometers  width,  imaging  6 scan  lines  across  in 
each  of  the  4 spectral  bands  simultaneously  (24  scan  lines  total).  The  object 
plane  is  scanned  by  means  of  an  oscillating  flat  mirror  between  the  scene  and 
the  double-reflector  telescope  type  of  optical  chain.  The  14.9  degree  cross- 
track field  of  view  is  obtained  as  the  mirror  oscillates. 

The  instantaneous  field  of  view  of  each  detector  subtends  an  earth-area  square 
of  83  meters  on  a side  from  the  nominal  orbital  altitude  (705  KM).  Field  stops 
are  formed  for  each  line  imaged  during  a scan,  and  for  each  spectral  band,  by 
the  square  input  end  of  an  optical  fiber.  Six  of  these  fibers  in  each  of  the  4 
bands  are  arranged  in  a 4 by  6 matrix  in  the  focused  area  of  the  telescope. 
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Figure  17.1-1.  MSS  Overview 
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Figure  17.1-3.  Ground  Scan  Pattern  for  a Single  MSS  Detector 


LSD-W?C-263 


SVS-10266 

ORIGINAL  PAGE  !S  31  December  1981 

OF  POOR  QUALITY 


LSD-V.TC-263 


17-4 


) 


SVS-10266 
31  Deceaber  1981 

Light  impinging  on  each  glass  fiber  is  conducted  to  an  individual  detector 
through  an  optical  filter,  unique  to  the  spectral  band  served.  An  image  of  a 
line  across  the  swath  is  swept  across  the  fiber  each  time  the  mirror  scans, 
causing  a video  signal  to  be  produced  at  the  scanner  electronics  output  for  each 
of  24  channels.  These  signals  are  then  sampled,  digitized  and  formatted  into  a 
serial  digital  data  stream  by  the  MSS  multiplexer.  The  signals  in  bands  1 and  2 
can  be  amplified  by  a factor  of  three  upon  command  to  increase  response  to  low 
level  scene  radiance. 

The  along-track  scan  is  produced  by  the  orbital  motion  of  the  spacecraft.  The 
nominal  orbital  velocity  causes  an  along-track  motion  of  the  subsatellite  point 
of  6.82  km/sec  neglecting  spacecraft  perturbation  and  earth  rotation  effects.  By 
oscillating  the  mirror  at  a rate  of  13.62  Hz,  the  subsatellite  point  will  have 
moved  496  meters  along  the  track  during  the  73. 42-millisecond  active  scan  and 
retrace  cycle.  The  width  of  the  along  track  f ield-o£-vlew  of  six  detectors  Is 
also  496  meters.  Thus,  complete  coverage  of  the  total  185  kilometer  wide  swath 
is  obtained.  The  line  scanned  by  the  first  detector  in  one  cycle  of  the  active 
mirror  scan  lies  adjacent  to  the  line  scanned  by  the  sixth  detector  of  the 
previous  mirror  scan. 

On-board  calibration  is  accomplished  as  follows:  During  the  x'etrace  interval, 
when  the  scan  mirror  makes  the  transit  from  east  to  west,  a shutter  wheel  closes 
off  the  optical  fiber  view  to  the  earth  and  a light  source  is  projected  on  the 
fibers  via  a prism.  A continuously  variable  neutral  density  filter  is  swept 
across  the  light  path  so  that  each  video  channel  carries  a triangular  pulse  of 
about  20  milliseconds  duration  which  begins  with  an  abrupt  transition  from  black 
to  white  and  descends  monotonically  back  to  black.  The  shutter  is  designed  to 
rotate  once  for  every  two  scans  so  that  the  calibration  signals  are  available 
during  alternate  retrace  intervals. 

17.1.1  MSS  MULTIPLEXER 

The  MSS  multiplexer  provides  to,  or  receives  from,  the  spacecraft  the  signals 
listed  below: 

SIGXAL  TO/ FROM 

To  spacecraft  wideband  and  S-Band  systems 
To  spacecraft  wideband  and  S-Band  systems 

To  IM  DPU 
To  IM  DPU 
From  IM  DPU 

Figure  17.1-5  illustrates  these  functional  Interfaces. 
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Data  Signal 
Bit  rate  clock  signal 
Time  code  envelope 
Time  code  strobe 
Time  code  data  signal 
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Figure  17.1—5.  MSS  Multiplexer  Functional  Block  Diagram 
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The  MSS  MI'S  reoelves  the  isuelcijj  video  dots*  frota  foor  spectre!  eccioner  bauda « The 
data  in  each  hand  reproaeni « aiK  scan  Itnea  with  calibration  lapute  for  each 
cc«ploto  cycle  of  the  scan  ralrror.  The  MI'S  cosuautatea  each  channel 

ap|iroK(mately  every  10  mtcroeeconda  and  encodes  these  data  Into  a wideband 
binary  data  bit  atreaRi.  The  Ml'X  also  cciamntatea  Into  the  data  bit  stream, 
Inforroatlon  to  permf  t ground  aynclironlsation,  IncUidlrvg  digital  words 
Identifying  the  atart  and  end  of  the  uaabte  scan  and  minor  frame  aync  code.  The 

MI'S  also  inaerta  mid  scan  poaltlon  information  upon  comaand.  The  MI'S 

Interrogatea  a 49-blt  ^imcecraft  time  code  generator  and  commutatea  the  returned 
time  code  data  into  the  data  bit  stream.  The  blictry  data  hit  stream  from  the 

Mi'S  and  a hit  rate  clock  (1'  MUs)  la  provided  to  the  epacecraft  wideband  and  S- 
Uand  ayateiaa.  The  MI'S  status  aivi  diagnostic  outputa  are  relayed  to  the  C&OH 
Subsystem  for  output  as  telemetry.  The  MI'S  provides  tlml»\g  signals  to  the 
slmtter  motor,  power  Inverter  and  scan  mirror  in  the  MSS  scanner.  Ti»e  commutated 
samples  of  video  in  Banda  1-3  can  he  directed  by  command  to  eltlier  a signal 
corapreaalon  amplifier  or  ltne.ar  amplifier  wttliln  tlKi<  Ml'X  prior  to  encodiivg.  The 
advantage  of  signal  compression  la  that  it  mc.kea  use  of  the  photomultiplier  tube 
noise  characteristic  to  provide  better  resolution  at  low  light  levels  than  would 
be  obtained  wltl\  linear  quant  t rat  ion.  By  compresalivg  the  hlgl\  light  levels  and 
expanding  the  lower  levela,  a l-ietter  match  of  the  quantisation  noise  to  the 
detectvU'  notne  la  .acltleved.  Noise  levels  for  the  willcon  diode  detector 
channels  of  Band  4 are  establlsi\cd  by  t>\e  equivalent  load  resistor  noise  and  is 
best  i\wtct\ed  bv  the  linear  quant  t *at  ion. 

Tl\e  acan  m>M»llor  pvilse,  marklitg  t t)e  atart  of  active  scan,  occurs  dxu'lng  a time 
wlren  t tui  multiplexer  is  Iterating  six  bit  wrds  in  a pattern  termed  "preambl'?." 
■^^e  arrival  of  tl\e  scan  monitor  pulse  la  identified  by  the  inversion  of  t i\e  next 
wt>rd  from  t tie  pattern  of  a preamble  code.  A minor  frame  sync  code  then  follows 
and  tile  MI'S  commutator  Is  reset  so  tiiat  t lie  channel  for  line  “a"  of  the  first 
hand  If  always  sampled  first  and  t lie  other  cliannels  next  In  the  standard 
cixsmntatlon  pattern.  This  standard  commutation  pattern  Is  preempted  during  the 
first  sampling  cycle  so  that  tlie  spacecraft  time  ciHie  may  he  inserted  in  lien  of 
image  data.  Keseiting  the  sampling  f r.arae  wttli  the  scan  monitor  makes  the  start 
of  sampling  completely  angle  dependent  and,  tlieretore,  immune  to  small  liming 
variations  tiiat  could  arise  from  the  scan  mechanism. 

Mid  sea. I code  data  can  be  inserted  t ii  the  video  data  bit  stream  (bv  coramaiidl 
upon  receipt  vif  tlie  middle  of  the  scan  monitor  pulse  from  tlie  scanner. 
Beginning  wltii  the  worvi  period  Iramediatelv  following  the  receipt  of  the  pulse, 
tile  mu  1 1 f n lexe  r wlil  transmit  the  encoiled  equivalent  >>f  tile  bl.ack  sensor  level 
(or  tile  next  iOO  words  t lien  t tie  encoded  equivalent  of  tlie  wisite  aenwor  level  for 
Site  next  100  ’/ovds.  In  tlie  next  word  period,  video  data  will  resu.ae . 

I'i'oii  receipt  of  the  cud  of  the  scan  imuiitor  pulse  from  tlie  scanner,  the  MI'S 
prempts  t ransmi as  ion  of  sensor  data  from  tlie  scanner  and  transmitn  the  end  of 
sc.-ui  iix'de . Tills  covIe  la  identical  to  tlie  black  and  while  level  codes  for 
patterns  of  tlie  raldnle  of  scan  code. 
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Word  rate  and  bit  rate  la  maintained  uniformly  from  scan  to  scan  and  divides 
Integrally  Into  a scan  cycle.  The  13.62  Ha  mirror  drive  signal  Is  derived  by 
the  MUX  from  Its  master  oscillator  of  30  MHz.  Bit  and  word  synchronization  are 
to  be  maintained  continuously  by  the  demultiplexer.  Only  the  line  start  and 
minor  frame  synchronization  need  to  be  acquired  in  each  scan  and  this  is 
facilitated  by  having  the  word  synchronization  Information. 

A detailed  description  of  the  MSS  data  fonmat  is  printed  In  the  Landaat  D Data 
Format  Control  Book,  Volume  V (Payload),  Document  SVS-10122. 


17.2  MSS  PERFOPJIANCE  CAPABILITIES 


The  Multi  Spectral  Scanner's  general  performance  parameters  are  tabulated  below: 
IFOV  117.2  rad 

Orbit  Altitude  705.3  Kilometers 

Swath  Width  185  Kilometers 


Number  of  Bands 
Detectors  per  band 
Longitudinal  Trace 

(projected  field  of  view  of  6 detectors) 

Velocity  of  nadir  point 

Field  -of-view 

Linear  scan  rate 

Mirror  scan  frequency 

Scan  period 

Turn  around  time 

IFOV's  pwer  swath 

Samples  per  active  scan 

Active  scan  period 

Kel  sampling  rate 


4 

6 

496  meters 

6.75  Kilometer/sec 

14.90  deg,  0.260  rad 

4.57  deg/sec,  7.98  rsd/sec 

13.62  Hz 

73.42  ms 

4 ms 

2,346 

3,270 

32.6  ms  per  scan  period 
1.46  aamples/lFOV  width 
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Spatial  frequency  at  kel  sampling  rate 

Video  frequency  for  68.6  meter  ft.  bars 

Video  bandwidth  per  limit 

Channel  sampling  rate 

Channel  repeat  sample  time 

Word  time 

Bit  rate 

17.3  MODES  OF  OPERATION 


56.6  meters 
41  KHz 

38.2  meters  77  KHz 
100.4175K  samples/sec 
9.958  microseconds 
0.398  microseconds 
15,062,630.4  bits/sec. 


There  are  several  MSS  Operating  Modes  and  system  configurations.  The  MSS  has 
two  basic  configurations;  primary  and  redundant.  A combination  of  primary  and 
redundant  functions  can  be  employed  if  required.  The  modes  of  operation  are; 
launch,  standby  and  operating.  The  MSS  amplifiers  for  Band  1 and  2 have  two 
modes,  high  and  low  gain.  For  bands  1,  2 and  3,  the  MSS  t'&is  can  operate  in  the 
linear  signal  amplification  or  signal  compression  modes.  Band  4 only  operates 
in  the  low  gain  linear  amplification  mode.  These  n»dea  and  configurations  are 
discussed  below: 


17.3.1  MSS  SYSTEM  CONFIGURATIONS 


17.3.1.1  Primary 

The  MSS  is  configured  for  primary  operations  by  selecting  all  the  "A"  designated 
functions  Table  17.1-1  shows  the  functional  status  of  the  components  in  the 
configuration. 

17.3.1.2  Redundant 

When  all  the  "B"  designated  functions  are  selected  the  MSS  Is  configured  for 
redundant  operation  (see  Table  17.1-1). 
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Table  17.1-1.  MSS  Mode/Conf iguratlon  Definition 


Note 

Launch 

Mode 

Standby* 

Operating  Mode 
Priniary(A)  Redundant(B) 

SYSTEM  PVm  A 

ON 

OFF 

ON 

OFF 

SYSTEM  PWR  3 

OFF 

OFF 

OFF 

ON 

MODE 

LAUNCH 

OPERATE 

OPERATE 

OPERATE 

BAND  1 HV  A 

OFF 

ON 

ON 

OFF 

BAND  1 HV  B 

OFF 

OFF 

OFF 

ON 

BAND  2 HV  A 

OFF 

ON 

ON 

OFF 

BAND  2 HV  B 

OFF 

OFF 

OFF 

ON 

BAND  3 HV  A 

OFF 

ON 

ON 

OFF 

BAND  3 HV  B 

OFF 

OFF 

OFF 

ON 

BAND  1 

1 

OFF 

ON 

ON 

ON 

BAND  2 

1 

OFF 

ON 

ON 

ON 

BAND  3 

1 

OFF 

ON 

ON 

ON 

BAND  4 

1 

OFF 

ON 

ON 

ON 

ROTATING  SHUTTER  DRIVER  2 

ON 

OFF 

ON 

ON 

SHUTTER  MON.  SOURCE  A 

ON 

ON 

ON 

OFF 

SHUTTER  MON,  SOURCE  B 

OFF 

OFF 

OFF 

ON 

CALIB.  LAMP  A 

OFF 

ON 

ON 

OFF 

CAL IB.  LAMP  B 

OFF 

OFF 

OFF 

ON 

SCAN  MON  SOURCE  A 

OFF 

ON 

ON 

OFF 

SCAN  MON  SOURCE  B 

OFF 

OFF 

OFF 

ON 

MIDSCAN  CODE 

3 

OFF 

OFF 

OFF 

OFF 

MUX 

4 

COMPRESSED  COMPRESSED 

COMPRESSED 

COMPRESSED 

BAND  1 GAIN 

5 

LOW 

LOW 

LOW/HIGH 

LOW/HIGH 

BAND  2 GAIN 

5 

LOW 

LOW 

LOW/HIGH 

LOW/HIGH 

NOTES : 

1.  Bands  can  be 

2.  Shutter  is  ro 

Individually  act 
tating  in  launch 

Ivated  or  deactivated  by  command, 
nude . 

*System  off  nsode,  could 

be  in 

Redundant 

(B)  configuration. 
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Launch 
Note  Mods 


Operating  Mode 


Standby*^  Primry(A)  Redundant(B) 


3.  Midscan  code  may  be  commanded  to  output  midscan  code  for  scan  motion 
diagnostics. 

4.  Band  1-3  data  is  normally  compressed  by  the  raultlploTOr  to  match  the 
signal  to  noise  characteristics  of  the  photomultiplier  tubes  but  can 
be  processed  in  a linear  toanner  by  comsiand. 

5.  Bands  I and  2 can  be  individually  commanded  to  high  gain  (3:1)  for 
sensing  low  light  level  scenes. 
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17.3.1.3  Combination  of  Primary  and  Redundant  Functions 

This  configuration  is  a mix  of  "A"  and  ”B"  functions.  This  configuration  is 
used  only  as  components  degrade  below  acceptable  limits  as  a result  of  orbital 
operation  or  the  failure  of  redundant  element. 

17.3.2  MSS  SYSTEM  MODES 

17.3.2.1  Launch  Mode 

For  launch  the  MSS  will  be  placed  in  launch  n»de  with  components  configured  as 
shown  in  Table  17.1-1.  The  MSS  Is  to  be  launched  in  tha  ralnlmm  power  state 
consistent  with  requirement  that  tha  rotating  shutter  be  "ON". 

17.3.2.2  St.indby  Mode 

The  status  of  the  MSS  components  in  the  Standby  Mode  is  shown  in  Table  17.1-1. 
This  mode  is  used  when  the  MSS  is  not  in  use  imaging. 

17.3.2.3  Operating  Mode 

Whenever  MSS  sensor  data  is  required  tha  system  is  placed  in  tha  normal 
Operating  Mode  as  shown  in  Table  17. 1-1.  This  «ode  may  be  configured  as  primry, 
redundant  or  a combination  of  primary  and  redundant  functions. 

17.3.3  BAND  I AND  2 AMPLIFIER  MODES 

The  Band  1 and  Band  2 video  sensor  data  from  the  photomultiplier  tubes  can  be 
comojanded  into  a low  gain  or  high  gain  (3:1)  mode.  High  gain  is  used  for 
sensing  low  light  level  scenes.  Band  3 and  4 remain  in  low  gain  and  are  not 
commandable  to  high  gain  mode. 

17.3.4  MULTIPLEXER  ^«DES 

The  MSS  Multiplexer  may  be  commanded  into  two  oKjdes,  Linear  and  Compression. 
The  vicJeo  signals  from  Bands  1-3  can  be  directed  by  command  to  a linear 
amplifier  or  a compression  amplifier  prior  to  encoding.  The  compression 
amplifier  enhances  noise  characteristics  for  better  sensor  resolution. 

17.4  MSS  CONSTRAINTS 

17.4.1  MSS  INITIALIZATION  CONSTRAINTS 

1.  After  launch  Insertion,  a mlnlmiim  of  ten  hours  is  required  for 
outgassing  prior  to  turn-on  to  verify  outgassing  period  (no  high 
voltage  arcing). 
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2.  The  scanner  and  scan  mirror  must  be  gl\'en  a 3-mlnute  warm  up  period 
prior  to  collection  of  data  for  radiometric  annalysls  or  sun 
calibration. 

17.4.2  TELEMETRY  CONSTRAINTS 

All  voltage,  current  and  miscellaneous  telemetry  functions  should  be  within 
specified  limits.  Data  will  be  processed  at  ground  station,  and  limits  shall  be 
alarmed  when  exceeded. 

17.4.3  MSS  COMMAND  CONSTRAINTS 

1.  When  the  MSS  system  is  configured  in  the  Launch  Mode,  the  transmission 
of  the  "Mode  Operate"  command  may  cause  the  MSS  power  to  be  turned-off 
automatically.  This  causes  no  damage  but  should  be  avoided.  The 
"System  Power  A ON  (or  B OH)"  must  then  be  sent  to  turn  the  power  back 
ON.  To  avoid  this  possible  turn  off  situration,  the  "SYSTEM  POWER  OFF" 
command  must  be  transmitted  prior  to  re-tranaaission  of  the  "MODE 
OPERATE"  command. 


2.  It  is  possible  to  command  both  power  supplies  on  at  the  same  time. 
This  results  In  somewhat  greater  power  drain  but  causes  no  damage. 
"SYSTEM  POWER  OFF"  command  should  be  sent  before  sending  "SYSTEM  POWER 
A ON  (or  B ON)"  command. 

17.4.4  MSS  TEMPEPA.TURE  CONSTRAINTS 

1.  The  MSS  shall  be  commanded  "OFF"  whenever  any  MSS  temperature  reaches 
the  maximum  limits  listed  below.  The  MSS  (IM)  heater  shall  be  turned 
on  if  any  temperature  falls  below  0°C  (32°F). 


Power  supplies 

123°F 

51°C 

Electronic  cover 

123°F 

51°C 

Fiber  optics  plate 

108°F 

42°C 

Scan  mirror  regulator 

140°F 

60°C 

Scan  mirror  drive  electronics 

140°F 

60°C 

Scan  mirror  coil 

180°F 

82°C 

Scan  mirror  housing 

122°F 

50°C 

Multiplexer 

130°F 

55°C 

17.4.5  MSS  PRESSURE  CONSTILIINTS 

1.  The  MSS  high  voltage  turn-on  is  to  take  place  only  after  10  hours 
(minimum)  of  outgasslng  after  the  flight  segment  Is  exposed  to  a 
vacuum  environment  of  10  Torr  or  less. 
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17.4.6  MSS  VIEWING  CONSTRAIfiTS 

1.  At  no  time  is  the  MSS  FOV  to  be  pointed  directly  at  the  sun.  Such 
viewing  within  a 7 1/2°  cone  angle  relative  to  the  MSS  boresight  (Z> 
axis  will  cause  permanent  damage.  Sun  exposure  within  the  region 
bounded  by  half  cone  angles  of  7 1/2°  and  63°  shall  be  limited  to  55 
minutes  maximum. 

17.4.7  MSS  OPERATING  MODE  CONSTRAINTS 

1.  The  MSS  operating  duty  cycle  shall  not  exceed  33%  of  an  orbital  period 
of  99  minutes. 

2.  During  launch  or  vibration,  the  MSS  shall  be  operated  with  rotating 

shutter  "ON". 

17.4.8  MSS  SAFE-HOLD  CONSTRAINTS 

1.  Comnmnd  IH/MSS  I/F  Heaters  "ON”  is  not  previously  ON,  Co  allow 

thermostatically  controlled  heaters  A and  B to  operate. 

2.  Ground  comn^nd,  "SYSTEM  OFF",  after  the  flight  segmaiit  has  returned 

from  SAFE-HOLD  mode  to  the  earth  pointing  mode  again  and  sol«r  array 
is  in  the  normal  orbit  configuration,  and  MSS  power  has  been  re- 

enabled in  the  PDU. 

17.4.9  MSS  LAUNCH  MODE  CONSTRAINTS 

1.  The  scanner  rotating  system  should  be  on  and  High  Voltage  OFF. 

17.5  REDUNDANCY 

As  shown  in  Paragraph  17.3  the  MSS  has  three  operational  modes,  primary, 
redundant  and  mixed.  The  primary  mode  uses  the  A components,  the  redundant  mode 
uses  the  B components,  and  the  combined  Primary /Redundant  mode  uses  A and  B 
components.  The  redundant  components  are  listed  below: 

PRIMARY  POWER  SUPPLY  A 
PREREGULATOR  A 
INVERTER  A 

PRIMARY  POi«?ER  SUPPLY  B 
PREP^GULATOR  B 
INVERTER  B 

BAND  1 HV  PWR  SUPPLY  A 
BAND  1 HV  PWR  SUPPLY  B 
BAND  2 HV  PWR  SUPPLY  A 
BAND  2 HV  PWR  SUPPLY  B 
BAND  3 HV  PWR  SUPPLY  A 
BAND  3 HV  SUPPLY  B 

)■  LSD-WPC-263 
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CALIBRATION  LAMP  A 
CALIBRATION  LAMP  B 
SCAN  MONITOR  A 
SCAN  MONITOR  B 
SHUTTER  MONITOR  A 
SHUTTER  MDNITOR  B 

There  are  three  types  of  cross-strapping:  dedicated,  active  and  passive.  Active 

cross-strapping  is  where  primary  and  redundant  components  both  feed  a third 
unit.  There  is  no  active  cross-strapping  in  the  MSS.  Passive  cross-strapping 
invovles  the  selection  of  the  Primary  (A)  or  Redundant  (B)  component  by  command 
switching  as  in  the  interfaces  shown  or.  Figure  17,5-1.  marked  with  P . 
Dedicated  comoponents  are  used  together  and  cannot  be  crossed-s trapped  as  in  the 
MSS  power  supply,  preregulator  and  inverter  (l.e.,  power  supply  A cannot  power 
preregulator  B nor  can  preregulator  A power  inverter  B and  vice-versa).  Figure 
17 .5-1  shows  the  cross-strapping  In  the  MSS  Subsystsa. 
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17.6  MSS  COMMANDS 

The  operation  of  the  MSS  is  controlled  by  37  discrete  cotmaands  directly  to  the 
MSS,  and  5 discrete  commands  to  the  PDU.  In  addition,  MSS  thermal  control  is 
achieved  by  2 discrete  commands  to  the  PDU  and  6 discrete  commands  to  the  SCCU. 
The  MSS  commands  are  listed  in  Table  17.6-1.  MSS  commands  and  related  PDU  and 
SCCU  commands  are  described  in  Paragraph  17.6.1.  Applicable  PDU  and  SCCU 
commands  are  listed  in  Tables  17.6-2  and  17.6-3,  respectively.  Standard  MSS 
command  sequences  are  provided  in  Paragraphs  17.6.2.  MSS  command  constraints 
are  defined  in  Paragraph  17.6.3. 

This  section  also  provides  functional  schematics  of  the  command  circuits  as  an 
aid  to  understanding  the  command  Interface.  Note,  however,  that  the  functional 
schematics  are  provided  as  information  only;  they  are  superseded  by  the  ejtact 
circuits  shown  on  the  engineering  drawings. 
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17. t., I OOMMANU  DESCRIPTION 

17.6.1.1  (CMP  701 ) SyatBitt  Power  "A"  On 

Execution  of  the  "Syatera  Power  A On"  commund  (SYSAON)  applies  spacecraft  power 
to  primary  power  supply  1 and  selects  scan  mirror  power  line  1.  SYSAON  aeta 
relays  Kl , K5,  K6 , K7  and  K29.  K1  sets  K3  via  a pulse  stretcher  circuit  (see 
Elgure  17.6-1).  The  system  off  command  should  be  transmitted  and  verified  prior 
to  transmission  of  this  command  to  avoid  enargiaing  both  primary  power  supplies 
simultaneously. 

17.6.1.2  (CMP  662)  System  Power  "B"  On 

Execution  of  the  “System  Power  B 0n“  command  (SYSBON)  applies  spacecraft  power 
to  prlnwry  power  supply  2 and  selects  scan  mirror  power  line  2.  SYSBON  sets 
relay  E2  and  resets  relays  K5 , K6,  K7  and  K29.  K2  sets  K4  via  a pulse  stretcher 
circuit  (see  Figure  17.6-1).  The  system  off  command  should  he  transmitted  and 
verified  prior  to  transmission  of  this  coa».and  to  avoid  energlElrtg  both  primary 
power  MupplletJ  simnl  t ancoualy . 

17.6.1.3  (CMP  7 S3 System  Po\^r  orf 

Execution  of  the  system  power  off  command  (SYSOFF)  removes  all  system  power 
except  full  t lmt»  M~level  telemetry  power  and  also  disables  the  42  VAC  secondary 
power  inputs  to  the  high  voltage  power  svipplfes  for  the  Photo-Multiplier  Tube 
(PMT)  Bands  (1,  2 and  3).  SYSOFF  resets  relays  K1  , K2 , K8  and  K9 . Kl  reaots  K3 
and  K2  resets  K4  via  the  respective  pulse  stretcher  circuits  (see  Figure 
17.6-1). 


Ill  Vol tage  On 

Exemtlon  of  the  high  voltage  on  command  (HVON)  enables  the  42  VAC  secondary 
Inputs  to  selected  prime  (A)  or  redvindant  (B)  high  voltage  power  supplies  for 
(I’NT)  Hands  I,  2 and  3).  HVON  sets  relays  K3  and  K'J . See  Figure  17.6-2.  Under 
a vacuum  environment,  a 10  hour  outgas  period  is  required  prior  to  transmission 
of  this  comnuuid  to  prevent  possible  arcliig. 


17.6.1.4  ICMP  8^8 


17.6.1.3  ^:mP  703)  B^nd  lUgh  Vo  It -age  A On,  B m 

Execution  of  the  Band  I High  Voltage  A On/B  Off  command  (.BPIUVAON)  connects  the 
primary  of  B.and  I High  Voltage  Power  Supply  (A)  Transformer  and  disconnects  the 
redundant  Band  I High  Volt.nge  Power  Svipply  (B)  tvansfomwr  primary  at  the  Rand  I 
42  VAC  cont.act  of  the  high  voltage  on  relay  K3  • BDIHVAON  sets  relay  KIO  and 
resets  K.1  I (see  Figure  17.6-2). 
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17.6.1.6  (CMP  806)  Band  2 High  Voltage  A On/B  Off 

Execution  of  the  Band  2 High  Voltage  A On,  B Off  command  (BD2HVA0N)  connects  the 

primary  of  Band  2 High  Voltage  Power  Supply  (A)  Transformer  and  disconnects  the 

redundant  Band  2 High  Voltage  Power  Supply  (B)  Transformer  primary  at  the  Band  2 
A2  VAC  contact  of  the  high  voltage  on  relay  K8.  BD2HVAON  sets  relay  K12  and 
resets  K13  (see  Figure  17.6-2). 

17.6.1.7  (CMP  711)  Band  3 High  Voltage  A On/B  Off 

Execution  of  the  Band  3 High  Voltage  A On,  B Off  command  (BP3HVA0N)  connects  the 

primary  of  Band  3 High  Voltage  Power  Supply  (A)  Transformer  and  disconnects  the 

redundant  Band  3 High  Voltage  Power  Supply  (B)  Transformer  primary  at  the  42  VAC 
contact  of  the  high  voltage  on  relay  K9.  BP3HVA0N  sets  relay  K14  and  resets  K15 
(see  Figure  17.6-2). 

17.6.1.8  (CMP  735)  Band  1 High  Voltage  B On,  A Off 

Execution  of  the  Band  1 High  Voltage  B On,  A Off  conuaand  (BDIKVBOH)  connects  the 
primary  of  Band  1 High  Voltage  Power  Supply  (B)  Transformer  and  disconnects  the 
prime  Band  1 High  Voltage  Power  Supply  (A)  Transformer  primary  at  tlie  Band  1 42 
VAC  contact  of  the  high  voltage  on  relay  K8.  BDVIfVBON  sets  relay  Kll  and  resets 
KIO  (see  Figure  17.6-2). 

17.6.1.9  (CMP  848)  Band  2 High  Voltage  B On,  A Off 

Execution  of  the  Band  2 High  Voltage  B On,  A Off  command  (EP2HVB0N)  connects  the 
primary  of  Band  2 High  Voltage  Power  Supply  (B)  Transformer  and  disconnects  the 
prime  Band  2 High  Vol.  ige  Power  Supply  (A)  Transformer  primary  at  the  Band  2 42 
VAC  contact  of  the  high  voltage  on  relay  K8.  BP2HVB0N  sets  relay  K13  and  resets 
K12  (see  Figure  17.6-2). 

17.6.1.10  (CMP  737)  Band  3 High  Voltage  B On,  A Off 

Execution  of  the  Band  3 High  Voltage  B On,  A Off  command  (BD3HVB0N)  connects  the 
primary  of  Band  3 redundant  High  Voltage  Power  Supply  (B)  Transformer  and 
disconnects  the  prime  Band  3 High  Voltage  Power  Supply  (A)  Transformer  primary 
at  the  Band  3 42  VAC  contact  of  the  high  voltage  on  relay  K9 . BD3HVB0H  .sets 
relay  K15  and  resets  K14  (see  Figure  17.6-2). 

17.6.1.11  (QiP  709)  Band  1 High  Voltage  Off 

Execution  of  the  Band  1 High  Voltage  Off  command  (tPlHVOFF)  disconnects  the 
primaries  of  the  prime  and  redundant  (A&B)  Band  1 High  Voltage  Power  Supply 
Transformers  from  the  Band  1 42  VAC  input  line.  BDIHVOFF  resets  relays  KIO  and 
Kll  (see  Figure  17.6-2). 
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17.6.1.12  (CMP  810)  Band  2 High  Voltage  Off 

Execution  of  the  Band  2 High  Voltage  Off  command  (BD2HV0FF)  disconnects  the 
primacies  of  the  prime  and  redundant  (A&B)  Band  2 High  Voltage  Power  Supply 
Transformers  from  the  Band  2 42  VAC  input  line.  BD2HV0FF  resets  relays  K12  and 
K13  (see  Figure  17.6-2). 

17.6.1.13  (CMP  723)  Band  3 High  Voltage  Off 

Execution  of  the  Band  3 High  Voltage  Off  command  (BD3HV0FF)  disconnects  the 
primaries  of  the  prime  and  redundant  (A&B)  Band  3 High  Voltage  Power  Supply 
Transformers  from  the  Band  3 42  VAC  input  line.  BD3HV0FF  resets  relays  K14  and 
K15  (see  Figure  17.6-2). 

17.6.1.14  (CMP  812)  Band  1^  Low  Voltage  On 

Execution  of  the  Band  1 Low  Voltage  On  command  (BDIOW)  applies  +19  VDC  to  the 
Band  1 +^^  VDC  regulator,  which  supplies  power  to  the  Band  1 Video  Pre- 
amplifiers and  PMT  Buffer  Amplifiers.  BBlON  sets  relay  K16  (see  Figure  17.6-3). 

17.6.1.15  (CMP  840)  Band  ^ Low  Voltage  (M 

Execution  of  the  Band  2 Low  Voltage  on  command  (BD20N)  applies  +19  VDC  to  the 
Band  2 +15  VDC  regulator,  which  supplies  power  to  the  Band  2 Video  Pre- 
amplifiers and  PMT  Buffer  Amplifiers.  BD20N  sets  relay  K17  (see  Figure  17.6-3). 

17.6.1.16  (CMP  854)  Band  3 Low  Voltage  On 

Execution  of  the  Band  3 Low  Voltage  on  command  (BD30N)  applies  +19  VDC  to  the 
Band  3 +15  VDC  regulator,  which  supplies  power  to  the  Band  3 Video  Pre- 
amplifiers and  PMT  Buffer  Amplifiers.  BD30N  sets  relay  K18  (see  Figure  17.6-3). 

17.6.1.17  (CMP  717 ) Band  ^ Low  Voltage  On 

Execution  of  the  Band  4 Low  Voltage  on  command  (BD40N)  applies  +19  VDC  to  the 
Band  4 +15  VDC  regulator,  which  suplies  power  to  the  Band  4 Silicon  Diode 
Detector,  DC  restore  circuits  and  Buffer  Amplifiers.  BD40N  sets  relay  K19  (see 
Figure  17.6-3). 


17.6.1.18  (CMP  826)  Bands  1 through  4 Off 

Execution  of  the  Bands  1 through  4 Off  command  (BdlX40?F)  removes  +19  VDC  power 
from  the  four  +15  VDC  regulators  powering  video  amplifiers  in  respective  bands. 
BD1X40FF  resets  relays  K16,  K17 , K18  and  K19  (see  Figure  17.6-3). 
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17.6.1.19  (CMP  721)  Band  1 High  Gain 

Execution  of  the  Band  1 High  Gain  command  (BDIHIGN)  increases  Band  1 PMT  Buffer 
Amplifier  gain  by  a factor  of  3.  BDIHIGN  sets  relay  K20  (see  Figure  17. 6-4). 

17.6.1.20  (CMP  822)  Band  2 High  Gain 

Execution  of  the  Band  2 High  Gain  command  (BD2HIGN)  increases  Band  2 PMT  Buffer 
Amplifier  gain  by  a factor  of  3.  BD2HIGN  sets  relay  K21  (see  Figure  17.6-4). 

17.6.1.21  (CMP  742)  Bands  1 and  2 Low  Gain 

Execution  of  the  Bands  1 and  2 Low  Gain  command  (BD12L0GN)  returns  Bands  1 and  2 

PMT  Buffer  Amplifiers  to  the  nominal  (Low)  Gain  niode.  BD12LCX3N  resets  relays 

K20  and  K21  (see  Figure  17.6-4). 

17.6.1.22  (CMP  719)  Rotating  Shutter  On 

Execution  of  the  Rotary  Shutter  on  coosmand  (SHDRON)  enables  the  rotating  shutter 
nwtor  bridge  drivers.  SHDRON  sets  relay  K22  (see  Figure  17.6-5). 

17.6.1.23  (CMP  814)  Rotating  Shutter  Off 

Execution  of  the  Rotating  Shutter  Off  command  (SHPROFF)  disables  the  rotating 
shutter  motor  bridge  drivers.  SHPROFF  resets  relay  K22  (see  Figure  17.6-5). 

17.6.1.24  (CMP  727)  Shutter  Monitor  Source  A On,  B Off 

Execution  of  the  Shutter  Monitor  Source  A On,  B Off  command  (SHMONAON)  applies 

constant  current  power  derived  from  the  9 VDC  supply  to  the  prime  shutter 

monitor  LED  (A)  and  removes  power  from  the  redundant  LED  (B).  SHMONAON  sets 
relay  K27  (see  Figure  17.6-6). 

17.6.1.25  (CMP  739)  Shutter  Monitor  Source  B On,  A Of f 

Execution  of  the  Shutter  Monitor  B On,  A Off  command  (SHMONBON)  applies  constant 
current  power  derived  from  the  9 VDC  supply  to  redundant  shutter  monitor  LED  (B) 
and  removes  power  from  the  prime  LED  (A).  SHMONBON  resets  relay  K27  (see  Figure 
17.6-6). 

17.6.1.26  (CMP  856)  Callbrition  Lamp  A On,  B Off 

Execution  of  the  Calibration  Lamp  A On,  B Off  command  (CALMPAON)  applies 
constant  current  power  derived  from  the  +9  VDC  supply  to  prime  Calibration  Lamp 
(A)  and  removes  power  from  redundant  CAL  Lamp  (B).  CALMPAON  sets  relays  K23  and 
K24  (see  Figure  17.6-7). 
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17.6.1.27  (CMP  828)  Callbretlon  Lamp  B On,  A Off 

Execution  of  the  Calibration  Lamp  B On,  A Off  command  (CALMPBON)  applies 
constant  current  power  derived  from  the  +9  VDC  supply  to  the  redundant 
Calibration  Lamp  (B)  and  removes  power  from  the  prime  CAL  Lamp  (A).  CALMPBON 
resets  relay  K23  and  sets  relay  K24  (see  Figure  17.6-7). 

17.6.1.28  (CMP  838)  Calibration  Lamps  Off 

Execution  of  the  Calibration  Lamps  Off  command  (CALMPOFF)  removes  power  from  the 
selected  (A  or  B)  Calibration  Lamp.  CALMPOFF  resets  relay  K24  (see  Figure 
17.6-7). 


17.6.1.29  (CMP  731)  Scan  Monitor  Source  ^ On,  ^ O^f 

Execution  of  the  Scan  Monitor  Source  A On,  B Off  command  (SC^ONAON)  applies 
constant  current  power  derived  fr^m  the  19  VDC  supply  to  the  prime  scan  Monitor 
LED  (/.)  and  removes  power  from  the  redundant  LED  (B).  SCHONAON  sets  relay  K26 
(see  Figure  17-6-6). 

17.6.1.30  (CMP  733)  Scan  Monitor  Source  B On,  A Off 

Execution  of  the  Scan  Monitor  Source  B On,  A Off  co.iTiand  (SCI'SIKBON)  applies 
constant  current  power  derived  from  the  -f-9  VDC  supply  to  the  redundant  scan 
Monitor  LED  (B)  and  removes  power  from  LED  (A).  SCMOJIBOM  resets  relay  K26  (see 
Figure  17.6-6). 

17.6.1.31  (CMP  707)  Scan  Monitor  Off 

Execution  of  the  Scan  Monitor  Off  comtssand  (ECM3N0FF)  removes  power  from  the  Scan 
Monitor  Pulse  (SMP)  Amplifier  and  enables  multiplexer  logic  to  generate  a 
substitute  Scan  Monitor  Pulse  at  the  nominal  line  start  time.  Only  the  linn 
start  code,  no  end  of  line  or  midscan  code  is  available  under  this  condition. 
SCISDMOFF  resets  relay  K25,  which  in  turn  de-energizes  non-latching  relay  K30 
(see  Figure  17.6-8), 

17.6.1.32  (CMP  836)  Multiplexer  Compression 

Execution  of  the  Multiplexer  Compression  command  (MUXCOMP)  causes  Band  1,  2 and 
3 MSS  Video  data  to  be  sampled  from  Logarithmic  Amollfiers  in  the  MUX.  before  A/D 
conversion  (Banda  I to  3)  to  linear  operation  by  passing  the  Logarithmic 

Amplifiers.  iruXCOHP  sets  relay  K32  (see  Figure  17.6-9). 

17.6.1.33  iCMO  7i9)  Multiplexer  Linear 

Execution  of  the  Multiplexer  Linear  command  (MUXLIN)  switches  MUX  data 
conversion  (Bands  1 to  3)  to  linear  operation  by  passing  the  Logarithmic 

Amplifiers.  MUXLIN  resets  relay  X32  (see  Figure  17.6-9). 
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17.6.1.34  (OtP  755)  MIDSCAN  CODE  ON 

Executloa  of  the  MIDSCAN  Code  on  command  (MSCOH)  cauaea  the  Multiplexer  to 
insert  MIDSCAN  code  In  the  video  data  atream  In  reaponee  to  Scan  Monitor  ?*ulae 
#2.  The  MS  code  pre-empts  2000  words  of  video  (data)  In  the  aerial  data  stream 
and  consists  of  100  black  (sere  level)  words  followed  by  100  white  (saturated 
level)  words  as  in  the  end-of-llno  code.  MSCON  sets  relay  K3l  (see  Figure 
17.6-10). 


17.6.1.35 


(CMP  842)  MIPSCAN  CODE  OFF 


Execution  of  the  Midscan  Code  Off  command  (MSCOFF)  Inhibits  the  multiplexer 
response  to  the  Midscan  Monitor  Pulse  #2  such  that  no  Midscan  Coda  la  generated. 
MSCOFF  resets  rel.ay  K3l  (see  Figure  17.6-10). 


17.6.1.36  (CMP  832)  Mode  Operate 


Execut Ion 
regulator 
the  +16 
-24.5  VDC 
relay  K23 


of  the  mode  o'porate  command  (MODEOt'KR)  removes  the  scan  raisTor  drive 
Inhibit  cl.-srap,  connects  tho  scan  I'Bonitor  circuit  power  regulatcra  to 
VDC,  -10  VUC  lines  and  connects  the  taull ipleser  power  converter  to  the 
lino  fro®  the  scanner.  MODEOPKR  sets  relaya  K25  and  K28  and  resets 
(see  Figures  17.6-8  and  17.6-11). 


1 7 .h  . I , 37  (CMP  7M)  Node  Uunch 

Execution  of  tho  Mode  Launch  Comiaatid  (MOPELNCH)  Inhibits  the  scan  mirror  drive 
regul.ator  and  disconnects  the  multiplexer  from  it's  -24.5  VDC  power  source  to 
reduce  MSS  power  dr.aln  during  l.austch.  MODF.LNCH  aota  relay  K33  and  resets  relay 
K28  (see  Figure  17.ti-ll). 


1 7 .b . I . 38  PDU/MSS  Commands 


The  followUtg  commands  to  the  Power  Distribution  Unit  (PDU)  control  the 
redundant  power  inputs  to  the  MSS  and  to  the  MSS  support  structure  15  watt 
heater  on  the  IM. 


1 . (CMD)  MSS  A POWER  ENABLF.  fENNSSA) 


Execution  of  tho  "MSS  A POWER  ENABLE"  corans.'ind  (K.NMSSAl  appHes  +28  VDC 
payload  Bus  A power  through  a 15  amp  fuse  to  the  HSS  A load  (tsee' 
Paragraph  11.6). 


(Cta>)  HSS  B POWER  ENABLE  (ENMSSU) 

Execution  of  the  "MSS  B POWER  ENABLE"  cixanuind  (F.NMSSH'!  applies  +28  VDC 
payload  Bus  B power  through  a I '»  amp  fuse  to  the  MSS  B load  (see 
Paragraph  Il.hl. 
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3.  MSS  POWER  DISABLE  (DISMSS) 

Execution  of  the  "MSS  POWER  DISABLE"  cotasumd  (DISMSS)  disconnects  both 
+28  VDC  payload  Bus  A and  +28  VDC  payload  Bus  B power  from  the  MSS  A 
and  B loads  (see  Paragraph  11.6).  The  relays  activated  by  this 
comtaand  are  aliO  activated  by  the  "Payloads  Off”  command  and  are 
automatically  activated  when  Che  FS  enters  the  "safehold"  mode. 

4.  DPU  FULL  ON  (DPUON) 

Execution  of  the  "DPU  FULL  ON"  command  (DPUON)  energizes  the  DPU 
which,  in  turn,  generates  time  code  and  related  format  Identiilers  for 
strobing  into  the  MSS  Multiplexer. 

5.  DPU  STANDBY  (DPUSBY) 

Execution  of  the  "DPU  STANDBY"  comaiand  (DPUSBY)  disables  DPU 
generation  of  time  coded  and  related  format  identifiers. 

6.  MSS  INTERFACE  HEATER  B ENABLE  (EHSSHTRB) 

Execution  of  the  "MSS  INTERFACE  HEATER  B ENABLE"  command  (EMSSHTRB) 
applies  either  or  both  +28  VDC  Bus  A and  +28  VDC  Bus  B through  a 4 amp 
fuse  to  the  MSS  Interface  B heaters  located  on  the  MSS  support 
structure  of  the  IM  (See  Paragraph  11.6). 

7.  MSS  INTERFACE  HEATER  B DISABLE  (DMSSHTRB) 

Execution  of  the  "MSS  INTERFACE  HEATER  B DISABLE"  command  (DMSSHTRB) 
disconnects  both  +28  VDC  Bus  A and  +28  VDC  Bus  B power  from  the  MSS 
Interface  B heaters  (See  Paragraph  11.6). 

17.6.1.39  SCCU/MSS  Commands 

The  following  commands  to  the  Spacecraft  Command  a«d  Conditioning  Unit  (SCCU) 
control  the  power  to  and  thermostat  bypass  of  the  MSS  support  structure  28  watt 
heater  on  the  IM: 

1.  MSS  INTERFACE  PRIMARY  HEATER  A ENABLE  (MSH/iEN) 

Execution  of  Che  "MSS  INTERFACE  PRIMARY  HEATER  A ENABLE"  command 
(MSHAEN)  applies  +28  VDC  bus  (A  or  B)  power  to  the  MSS  I/F  primary 
heater  via  the  SCCU  heater  module  (A  side)  (see  Paragraph  8.6). 
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2.  MSS  INTERFACE  PRIMARY  HEATER  DISASl.E  (MSHADI) 

Execution  of  the  "MSS  INTERFACE  PRIMARY  HEATER  A DISABLE"  eommnd 
(MSHADI)  removes  +28  VDC  bus  (A  ,*nd  B)  power  from  the  MSS  I/F  PRI 
HEATERS  (See  Paragraph  8.6). 

3.  MSS  INTERFACE  REDUNDANT  HEATER  ENABLE  (MSHBEN) 

Execution  of  the  “MSS  INTERFACE  REDUNDANT  HEATER  A ENABLE"  command 
(MSHBEN)  applies  +28  VDC  Bus  (A  or  B)  power  to  the  MSS  I/F  REDUNDANT 
HEATER  A via  the  SCCU  heater  module  (B  side)  (see  Paragraph  8.6). 

4.  MSS  INTERFACE  REDUNDANT  HEATER  DISABLE  (MSHBDI) 

Execution  of  the  "MSS  INTERFACE  REDUNDANT  HFJVTER  A DISABLE"  command 
(MSHSDI)  disconnects  the  28  VDC  Bus  (A  and  B)  power  from  the  MSS  I/F 
redundant  A heaters  (see  Paragraph  8.6). 

5.  MSS  INTERFACE  HEATER  THERMOSTAT  BYPASS  (MSTHBY) 

Execution  of  the  "MSS  INTERFACE  HEATER  THERMOSTAT  BYPASS"  command 

(MSTHBY)  shunts  the  MSS  I/F  HEATER  A mechanical  thermostat  for  the  MSS 
primary  and  redundant  A heaters  (see  Paragraph  8.6). 

6.  MSS  INTERFACE  HEATER  THERMOSTAT  ENABLE  (MSTHEN) 

Execution  of  the  "MSS  INTERFACE  HEATER  THERMOSTAT  ENABLE"  command 

(MSTHEN)  opens  the  MSS  I/F  HEATER  A mechanical  thermostat  bypass  to 
the  MSS  primary  and  redundant  A heaters  (see  Paragraph  8.6). 

17.6.2  COMMAND  SEQUENCES 

17.6.2.1  MSS  Prime  (A)  Configuration  Sequence 

This  sequence  configures  the  MSS  and  related  PDU  power  input  for  Primary  (System 
A)  operation  but  does  not  turn  the  subsystem  on.  STOL  procedure  "PROC  MSSPRIME” 
contains  this  command  sequence  and  related  status  verification. 


CMD  No. 

Acronym 

7,53 

MSS.SYSOFF 

6,33 

PDU,DISMSS 

6,03 

PDU.ENMSSA 

8,32 

MSS.MODEOFER 

8,42 

MSS, MS GOFF 

8,36 

MSS.MUXCOMP 

7,19 

MSS,SHDRON 

7,43 

MSS.BD12LOGN 

Function 

SYSTEM  POWER  OFF 
DISABLE  MSS  POWER  (A6B) 
ENABLE  MSS  A POWER 
OPERATE  1K)DE 
MID  SCAN  CODE  OFF 
MUX  COMPRESSION  MODE 
ROTATING  SHUTTER  DRIVER  ON 
BANDS  I & 2 LOW  GAIN 
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ORiCmAL  p,i2  V j-cj 
OF  POOR  QUALITY 


8,12 

MSS.BDION 

BAND  1 LOW  VOLTAGE  ON 

8,40 

MSS,BD20N 

BAND  2 LOW  VOLTAGE  ON 

8,54 

MSS,BD30N 

BAND  3 LOW  VOLTAGE  ON 

7,17 

MSSBD40N 

BAND  4 VOLTAGE  ON 

7,05 

^ffiS,BDlHVAON 

BAND  2 HV  A ON,  HV  B OFF 

8,06 

MSS,BD2KVADN 

BAND  2 HV  A ON,  HV  B OFF 

7,11 

MSS,BD3HVAON 

BAND  3 HV  A ON.  HV  B OFF 

7,27 

MSS,SHW3NAON 

SHUTTER  MONITOR  SOURCE  A ON,  B i 

8,56 

MSS,CALHPAON 

CALIBRATION  LAMP  A ON,  B OFF 

7,31 

MSS.SCMONAON 

SCAN  MONITOR  SOURCE  A ON,  B OFF 

17.6.2.2  MSS  Redundant  (B)  Configuration  Sequence 


This  sequence  configures  the  MSS  and  related  PDU  power  input  for  Redundant 
(System  B)  operation  but  does  not  turn  the  subsystem  on.  STOL  procedure  ”PROC 
MSSREDUN"  contains  this  comtaand  sequence  and  related  status  verification. 


CKD  No. 

Acronym 

7,53 

MSS.SYSOFF 

6,33 

PDU.DISISS 

6,03 

PDU,ENMSSB 

8,32 

MSS.MODEOPER 

8,42 

MSS.KSCOFF 

8,36 

MSS.MUXCOMP 

7.19 

KSS.SHDRON 

7.43 

mss,bdi2lcx;n 

8,12 

MSS.BDION 

8,40 

MSS,BD20N 

8,54 

MSS.BD30N 

7,17 

MSSBD40N 

7,35 

MSS.BDIHVBON 

8,43 

MSS.BD2KVAON 

7,39 

KSS,BD3HVBDN 

7,39 

MSS.SHMONBON 

8,28 

MSS.CALMPBON 

7,33 

HSS.SCMONBON 

Function 

SYSTEM  POWER  OF? 

DISABLE  MSS  POWER  (A&B) 

ENABLE  IBS  B POWER 

OPERATE  MODE 

HID  SCAN  CODE  OFF 

MUX  COMPRESSION  MODE 

ROTATING  SHUTTER  DRIVER  ON 

BANDS  1 & 2 LOW  GAIN 

BAND  1 LOW  VOLTAGE  ON 

BAND  2 LOW  VOLTAGE  ON 

BAND  3 LOW  VOLTAGE  ON 

BAND  4 VOLTAGE  ON 

BAND  I HV  B OS,  HV  A OFF 

BAND  2 HV  B OS,  HV  A OFF 

BAND  3 HV  B OS,  HV  A OFF 

SliUTTER  t«NITOS  SOURCE  B ON,  A OFF 

CALIBRATION  LAMP  B ON,  A OFF 

SCAN  MONITOR  SOURCE  B ON,  A OFF 
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17.6.2.3  MSS  Prime  (A)  Turn-On  Sequence 

The  following  sequence  turns  the  MSS  On  for  operation  using  its  prlnsary  power 
supply  number  1.  This  sequence  is  normally  used  after  the  MSS  has  been 
configured  in  its  PRIME  (A)  mode  per  Paragraph  17.6.2.1  above.  The  MSS  A power 
must  be  enabled  in  the  PDU  prior  to  transmitting  this  sequence  in  order  to 
energize  MSS  primary  power  supply  number  1. 


CMP  No.  Acronym  Function 

7,01  MSS.SYSAON  SYSTEM  A POWER  ON 

8,58  MSS.HVON  SYSTEM  HIGH  VOLTAGE  ON 

17.6.2.4  MSS  Redundant  (B)  Turn-On  Sequence 

The  following  sequence  turns  the  MSS  on  for  operation  using  its  prltna,ry  power 
supply  number  2.  This  sequence  is  normally  used  after  the  HSS  has  been 
configured  in  its  Redundant  (B)  mode  per  Paragraph  17.6.2.2  above.  The  MSS  B 
power  must  be  enabled  in  the  PDU  prior  to  transmitting  this  sequence  in  order  to 
energize  MSS  primary  power  supply  number  2. 


CMD  No. 


Acronym 


Function 


8,62 

8,58 


MSS,SYSBON  SYSTEM  B POWER  ON 

MSS,HV0N  SYSTEM  HIGH  VOLTAGE  ON 


17.6.2.5  MSS  Full  Off  Sequence 

The  following  command  sequence  configures  the  MSS  such  that  all  commandable 
power  functions  are  disabled  and  all  power  independent  select  functions  are  set 
to  the  Prime  (A)  state.  This  sequence  will  normally  be  included  as  the  initial 
part  of  the  launch  mode  conoaand  sequence.  STOL  procedure  "PROG  MSSFULOF" 
contains  this  command  sequence  and  related  MSS  status  verification. 


CMD  No. 

Acronym 

7,53 

/MSS,SYSOFF 

7,51 

/MSS.MODELKCH 

7,09 

/MSS.BDIHVOFF 

8,10 

/MSS,BD2{{V0FF 

7,23 

/MSS,BD3HVOFF 

7,43 

/MSS.BD12LOGN 

8,26 

/MSS.BD1X40FF 

8,14 

/MSS.SHDROFF 

7,27 

/MSS ,SHM0NA0N 

8,56 

/MSS.CALMPAON 

8,38 

/MSS.CALHPOFF 

7,31 

/MSS,SC1K)NA0N 

Function 

SYSTEM  POWER  OFF 

LAUNCH  MODE  (KUX  OFF,  SCANJ  INHIBITED) 

BAND  1 HIGH  VOLTAGE  OFF 

BAND  2 HIGH  VOLTAGE  OFF 

BAND  3 HIGH  VOLTAGE  OFF 

BANDS  1 & 2 LOW  GAIN 

BANDS  1 THRU  4 LOW  VOLTAGE  OFF 

ROTATING  SHUTTER  DRIVER  OFF 

SHUTTER  !«NITOR  SOURCE  A ON,  B OFF 

CALIBRATION  LAi-tP  A OK,  B OFF 

CALIBRATION  LAM?  OFF 

SCAN  MONITOR  SOURCE  A ON,  B OFF 
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7,07 

/MSS,Sa«NOFF 

SCAN  MONITOR  OFF 

8,42 

/MSS,MSCOFF 

MIDSCAN  CODE  OFF 

8,36 

/MSS,MUXCOMP 

MUX  COMPRESSION  MODE 

6,33 

/PDU,DISMSS 

DISABLE  MSS  POWER  (A&B) 

17.6.2.6  MSS  Launch  Mode  Command  Sequence 

The  following 

sequence  configures  the  MSS  in  its  launch  mode  sequence  with  the 

rotating  shutter 

operating  to  prevent 

possible  damage  to  the  shutter  motor 

bearings  under 

vibrating  environments.  This  sequence  shall  be  used  prior  to 

exposing  the  MSS 

to  vibration,  shock. 

acoustic  and  launch  environments. 

CMP  Ho. 

Acronym 

Function 

PROC 

MSSFULOF 

MSS  FULL  OFF  CONFIGURATION 

7,19 

MSS,SHDRON 

ROTATING  SHUTTER  DRIVER  ON 

6,03 

PDU.ENMSSA 

ENABLE  MSS  A PO'iER 

7,01 

MSS.SYSAON 

SYSTEM  A POKER  ON 

17.6.3  COMMAND  CONSTRAINTS 

17.6.3.1  Launch  Mode/Operatlng  Mode 

The  MSS,SYSOFF  command  should  be  transmitted  prior  to  transtaltting  the 
MSS,MODEOPER  comniand  to  avoid  a potential  automatic  power  supply  turn  off  when 
the  MSS  is  configured  in  its  launch  mode.  Violation  of  this  constraint  will 
cause  no  damage  to  the  MSS. 

17.6.3.2  System  A/ System  B Power 

The  MSSjSYSOFF  command  shall  be  transmitted  prior  to  transmitting  either 
MSS.SYSAON  or  MSS.SYSBON  commands  and  the  PDB^DISMSS  command  shall  be 
transmitted  prior  to  transmitting  either  PDU,ENHSSA  or  PDU,ENMSSB  commands  in 
order  to  prevent  energizing  both  MSS  primary  power  supplies  simultaneously. 
Violation  of  this  constraint  may  damage  the  MSS. 

17.6.3.3  High  Voltage 

The  MSSjHVON  command  shall  not  be  transmitted  whan  the  MSS  is  exposed  to 
intermediate  vacuum  environments  between  normal  atmospheric  pressure  and  10  ^ 
torr.  An  outgasslng  period  of  ten  hours  at  10  torr  or  lower  is  required 
before  energizing  the  high  voltage  power  supplies  la  vacuum  or  space. 
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17.7  MSS  TELEMETRY 

MSS  operation  Is  monitored  in  the  IM  by  70  of  91  available  telemetry  channels. 
The  monitored  telemetry  channels  include  29  bilevel  functions,  11  passive  analog 
functions  (temperature  monitors)  and  30  of  the  51  active  analog  functions  which 
Include  one  (1)  spare  channel.  All  MSS  telemetry  channels  are  sampled  once  per 
major  frame  (approxltaately  once  every  16  seconds).  The  MSS  telemetry  functions 
monitored  are  listed  in  Table  17.7-1  and  are  described  in  Paragraphs  17.7.1 
through  17.7.3.  Similar  descriptions  of  those  PDU  telemetry  and  SCCU  functions 
pertinent  to  MSS  operation  are  provided  in  Paragraphs  17.7.4  and  17.7.5, 
respectively.  Limits  for  passive  and  accive  analog  telemetry  functions  are  given 
in  Table  17.7-2. 

17.7.1  MSS  BILEVEL  TELEMETRY 

The  functions  in  the  MSS  monitored  by  bi level  states  are  listed  in  TAble  17 .7-1 
under  user  identification  (ID)  numbers  MSS-Ol,  MSS-02,  KSS-03  and  MSS-04.  The 

verification  states  are  provided  In  Table  17.6-1  in  the  Coaisand  section.  The 
bilevel  telemetry  acronyms  are  coded  at  the  second  character  to  distinguish 
between  power  switching,  mode  selection  and  all  other  functions  as  follows: 

2nd  Character  Function  Type 

P Power  (On/Off) 

S Mode  Selection  (A/B,  Iligh/Low,  etc.) 

X All  others 

Example:  MSMUXCL  - MUX  mode  selection  - compression/linear 

17.7.1.1  System  Power  A On/Off  (MPSYSA) 

This  telemetry  monitors  the  power  A ON/OFF  status  (see  Figures  17 .6-1  and 
17.7-1).  A logic  "I"  indicates  the  +21/35  VDC  power  fro.ithe  spacecraft  IM  PDU 
is  applied  to  primary  power  supply  No.  1 (PPS-1).  A logic  "0"  inidcates  the 
+21/35  VDC  power  from  the  spacecraft  IM  PDU  has  been  removed  from  PPS-1.  The 
MSS  power  A must  be  enabled  in  the  PDU  to  verify  power  is  on  when  the  System  A 
On  command  executes. 

17.7.1.2  System  Power  B On/Off  (MPSYS3) 


This  telemetry  monitors  the  power  B On/Off  status  (see  Figures  17.6-1  and 
17.7-1).  A logic  "1”  Indicates  the  +21/35  VDC  power  from  the  spacecraft  IM  PDU 
has  been  applied  to  primary  power  supply  No.  2 (PPS-2).  A logic  "0"  means  that 
the  +21/35  volts  DC  power  from  the  spacecraft  IM  PDU  has  been  removed  from 
PPS-2.  The  MSS  power  B must  be  enabled  in  the  PDU  to  verify  power  is  on  when  the 
System  B On  command  executes. 
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17.7.1.3  Rotating  Shutter  Driver  On/Off  (MPROTSHD) 

This  telemetry  monitors  the  status  of  the  Rotating  Shutter.  See  Figures  17.6-5 
and  17.7-2.  A logic  "1"  Indicates  that  -24.5  volts  from  the  primary  power 
supply  has  been  appled  to  the  rotating  motor  drive  supply.  A logic  "0" 
indicates  that  the  -24.5  volt  Input  has  been  removed  from  the  rotating  shutter 
motor  drive  circuit. 

17.7.1.4  Calibration  Lamp  Power  On/Off  (KPCALLP) 

This  telemetry  monitors  the  Calibration  Lamp  Power  On/Off  status  (see  Figures 

17.6- 7  and  17.7-3).  A logic  "I"  indicates  that  +9  VDC  from  the  radiometer  power 
supply  has  been  applied  to  the  calibration  lamp  driver.  A logic  "0"  indicates 
that  +9  VDC  has  been  removed  from  the  calibration  lamp  driver. 

17.7.1.5  CAL  Lamp  A On,  B Off/B  On,  A Off  (MSCALLP) 

This  telemetry  monitors  the  CAL  Lamp  A/B  status  (see  Figures  17.6-7  and  17,7-2), 
A logic  "1”  indicates  that  calibration  lamp  A has  been  selected  and  logic  "O" 
indicates  that  calibration  lamp  B has  been  selected. 

17.7.1.6  Shutter  Monitor  A On,  B Off/B  On,  A Off  (MSSHRMON) 

This  telemetry  monitors  the  shutter  monitor  A/B  status  (see  Figures  17.6-6  and 

17.7- 3).  A logic  "1”  indicates  that  +9  VDC  LED  drive  from  the  radiometer  supply 
has  been  applied  to  LED  A and  removed  from  LED  B.  A logic  ”0"  indicates  that  9 
VDC  LED  drive  has  been  applied  to  LED  B and  removed  from  LED  A. 

17.7.1.7  Scan  Monitor  A On,  B Off/B  On  A Off  (MSSCMON) 

This  telemetry  monitors  the  scan  monitor  source  A/B  status  (see  Figures  17.6-6 
and  17.7-4).  A logic  1 indicates  that  +9  VDC  LED  drive  from  the  radiometer 
supply  is  applied  to  the  scan  monitor  source  A.  A logic  "0"  indicates  that  +9 
VDC  LED  drive  is  applied  to  source  B and  removed  from  source  A. 

17  .7  .1.8  Scan  Mirror  Inhibi ted/ Normal  (MXSCMRIK) 

This  telemetry  monitors  the  MODE  OPERATE/MODE  LAUNCH  status  (sje  Figures  17.6-11 
and  17.7-5).  A logic  ”1"  removes  the  -27  VDC  reguleted  output  from  the  scan 
mirror  regulator.  A logic  ”0"  provides  a -27  VDC  regulated  output  from  the  scan 
mirror  regulator. 
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CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTIONS: 

MPROTSHD  MSSHRMON 


Figure  17.7-2.  Shutter  Monitor  Telemetry  Circuit 


CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTIONS: 

MPCALLP  KSCALLP 


Figure  17.7-3.  CAL  Lamp  Telemetry  Circuit 


LSD-V/PC-263 


17-53 


+ 24 


ORIGINAL  PAGE  SS  SVS-10266 

OF.  POOR  QUALITY  31  December  1981 


,5  VDC  O- 


A/ON 


1 I 

f—  I 
B/ON 


22K 

'WW 


TLM 


4.7K 


V 
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Figure  17.7-4.  Scan  Monitor  Telemetry  Circuit 
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Figure  17.7-5.  Scan  Mirror  I nhibi t /Normal  TLM  Circuit 
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17.7.1.9  Scan  Monitor  On/Off  (MPSCNMON) 

This  teletaetry  monitors  the  SCAN  MONITOR  ON/OFF  status  (see  Figures  17.6-8  and 
17.7-6).  A logic  "1"  indicates  that  -10  VDC  from  the  radiometer  power  supply  is 
appleld  to  the  scan  monitor  -6  VDC  regulator  which  turns  the  scan  taonitor  on.  A 
logic  "0“  indlcats  that  -10  VDC  from  the  radiometer  supply  has  been  retaovad  from 
the  -6  VDC  regulator,  turning  the  scan  moiiitor  off. 

17.7.1.10  Multiplexer  On/Off  (MPMUX) 

This  telemetry  monitors  the  multiplexer  ON/OFF  (Mode  Operate/Mode  Launch)  status 
(see  Figures  17.6-11  and  17,7-7).  A logic  "1"  indicates  that  -24.5  VDC  from  the 
primary  power  supply  has  been  applied  to  the  MUX  DC/DC  converter,  turning  the 

multiplexer  on.  A logic  “0"  indicates  that  -24.5  VDC  has  been  removed  fro®  the 

multiplexer  DC/DC  converter. 

17  .7  .1.11  Scan  Mirror  Power  Line  JL  (MPSCMRI.1 ) 

This  telemetry  monitors  the  SYSTEM  POWER  A/B  status  in  the  scan  mirror  (see 
Figures  17.6-1  and  17,7-8).  A logic  "I"  indicates  that  -30  VDC  line  1 has  not 
been  selected  as  the  voltage  source  for  the  scan  mirror  drive  circuitry.  A 

logic  "0"  indicates  that  -30  VDC  line  1 has  been  selected  as  the  voltage  source 

for  the  scan  mirror  drive  circuitry.  The  inverted  logic  state  (I  “ Off,  0 “ On) 
la  derived  by  bucking  the  -30  VDC  scan  mirror  power  against  the  full  time 
telemetry  power  (+28  VDC)  supplied  to  the  MSS  whenever  the  spacecraft  is 
powered . 


17.7.1.12  Scan  Mirror  Power  Line  2 On/Off  (MPSCHRL2) 

This  telemetry  monitors  the  SYSTEM  POWER  A/B  status  (see  Figures  17.6-1  and 
17.7-3).  A logic  "1"  indicates  that  -30  VDC  line  21  has  not  been  selected  as 
the  voltage  source  for  the  scan  mirror  drive  circuitry.  A logic  0"  indicates 
that  -30  VDC  line  2 has  been  selected  as  the  voltage  source  for  the  scan  mirror 
drive  circuitry.  The  Inverted  logic  state  (I  “ Off,  0 “ On)  is  dervied  In  the 
lame  oanner  as  described  In  17.7.1.11  above. 

17.7.1.13  Scan  Mirror  Power  On/Of f (MPSCMR) 

This  telemetry  Hsonitora  the  scan  mirror  power  line  and  detecta  the  presence  of 
Che  -30  VDC  scan  mirror  power  (see  Figures  17.6-1  and  17. 7-8).  A logic  “I" 
indicates  that  no  voltage  Is  on  the  scan  mirror  power  line.  A logic  “0“ 
indlciites  that  -30  VDC  Is  present  on  the  power  line.  The  inverted  logic  state 
(1  ” Off,  0 " On)  Is  derived  In  the  sataa  manner  as  described  In  17.7.1.11  above. 
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CIRCUIT  APPLIES  TO  THE  FOLLOWIMfi  FUNCTION: 
HPSCMMGN 


Figure  17.7-6.  Scan  Monitor  On/Off 
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Figure  I?,?-?.  MUX/Scanner  Control  TLM  Circuit 
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17.7.1.14  Multiplexer  Compressed/Linear  (MSMUXCL) 

This  telemtry  monitors  the  MULTIPLEXER  COMPRESSED/LINEAR  mode  status  (see  Figure 

17.7-7  and  17.6-9).  A logic  ”1"  indicates  that  +5  VDC  from  the  multiplexer  DC 
to  DC  converter  has  been  applied  to  the  analog  multiplexer  causing  the  four 
segnent,  non-linear  amplifier  outputs  to  be  selected  for  sampling  by  the  analog 
multiplexer  to  effect  the  quasi  logarithmic  compression  mode  in  bands  1,  2 and 

3.  A logic  "0”  indicates  the  linear  amplifier  outputs  have  been  selected  for 
sampling  in  these  bands.  Band  4 data  is  only  sampled  from  a linear  amplifier 
output. 


17.7.1.15  Midscan  Code  Off/On  (MSMSCODE) 

This  telemetry  monitors  the  MIDSCAN  CODE  OFF/ON  status  (see  Figure  17.6-10  and 

17.7- 7).  A logic  ”1”  indicates  that  +5  VDC  from  the  nailtiplexer  DC/DC  converter 
has  been  applied  to  the  appropriate  input  gate  of  the  multiplexer  preamble  and 
sync  code  generator  to  inhibit  midscan  code  generation  in  response  to  the 
midscan  monitor  pulse  from  the  scanner.  A logic  "0"  indicates  that  this  Input 
gate  of  the  multiplexer  preamble  and  sync  code  generator  has  been  grounded 
causing  the  multiplexer  to  insert  the  midscan  code  in  the  video  data  in  response 
to  the  mJ.dscan  monitor  pulse  (SMP#2)  from  the  scannar. 

17.7.1.16  Band  1 Gain  High/Low  (MSBDIGHL) 

This  telemetry  monitors  the  BAND  1 HIGH/LOW  GAIN  status  (see  Figures  17.6-4  and 

17.7- 9).  A logic  "1"  Indicates  that  -15  VDC  has  been  applied  to  the  Band  1 FET 

in  the  PMT  buffer,  causing  the  FET  to  open  for  a high  gain  output.  A logic  "0” 
indicates  that  +15  VDC  has  been  applied  to  the  Band  1 FET,  causing  the  FET  to 
short  out  the  feedback  resistor,  reducing  the  gain  output  of  Band  1 by  a factor 
of  3. 

17.7.1.17  Band  2 Gain  High/Low  (MSBD2GHL) 

This  telemetry  monitor  is  identical  to  Band  1 Gain  High/Low  per  17.7.1.16  above 
(substitute  Band  2 for  Band  1 in  the  description). 

17.7.1.18  Band  1 Low  Voltage  On/Off  (MPBDILV) 

This  telemetry  monitors  the  Band  1 Low  Voltage  On/Off,  Bands  1 to  4 status  (see 
Figures  17.6-3  and  17.7-10).  A logic  "1"  indicates  that  +19  VDC  from  the 
radiometer  power  supply  has  been  applied  to  the  Band  1 +15  volt  regulators.  A 
logic  "0”  indicates  that  the  +19  VDC  from  the  radiometer  supply  has  been  removed 
from  the  +15  V regulators,  preventing  Band  1 signal  amplification. 

17.7.1.19  Band  2 Low  Voltage  On/Off  (MPBD2LV) 

This  telemetry  monitor  Is  identical  to  Band  1 Low  Voltage  On/Off  per  17.7.1.18 
above  (substitute  Band  2 for  Band  1 in  the  description). 
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CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTIONS: 

HSB01GHL  MSBD2GHL 

Figure  17.7-9.  Band  1,  2 Gain  Hi/Lo  TLM  Circuit 
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Flgvre  17.7-10.  Band  1,  2,  3,  4 Low  Voltage  On/Off  TLM  Circuit 
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17.7.1.20  Band  3 Low  Voltage  On/Off  (MPBD3LV) 

This  telemetry  monitor  is  identical  to  Band  1 Low  Voltf.ge  On/Off  per  17.7.1.18 
above  (substitute  Band  3 for  Band  1 in  the  description). 

17.7.1.21  Band  4 Low  Voltage  On/Off  (MPBD2LV) 

This  telemetry  monitor  is  identical  to  Band  1 Low  Votlage  On/Off  per  17.7.1.18 
abo"e  (substitute  Band  4 for  Band  1 in  the  description). 

17.7.1.22  High  Voltage  On/Off  (MPSYSHV) 

This  telemetry  monitors  the  HIGH  VOLTAGE  ON/OFF  status  (see  Figures  17.6-2  and 
17.7-11).  A logic  I indicates  that  42  VAC  from  the  radiometer  supply  is  applied 
to  selected  Band  1 through  Band  3 high  voltage  power  supplies.  One  o.'  the 
redundant  (A  or  B)  MSS  high  voltage  power  supplies  in  each  of  the  Beads  (1-3) 
must  be  enabled  in  order  to  operate.  A logic  "0"  indicated  that  42  VAC  is  not 
applied  to  the  Band  1 through  3 high  voltage  power  supplies. 

17.7.1 .23  Band  _1  Voltage  A On/Off  (MPBDIHVA) 

This  telemetry  monitors  the  Band  1 HIGH  VOLTAGE  A ON/OFF  status  (sea  Figure 

17.6-2  and  17.7-12).  A logic  "I”  indicates  that  high  voltage  power  supply  A has 
been  selected  to  receive  42  VAC  from  the  radiometer  power  supply  assuming  system 
high  voltage  is  on.  A logic  "0”  indicates  that  high  voltage  supply  A has  not 
been  selected  to  receive  42  VAC  in  Band  1. 

17.7.1.24  Band  2 High  Voltage  B On/Off  (HPBDIHVB) 

This  telemetry  monitors  the  Band  2 HIGH  VOLTAGF  B ON/OFF  status  (see  Figures 

17.6-2  and  17.7-12).  A logic  "1"  indicates  that  high  voltage  supply  B has  been 
selected  to  receive  42  VAC  from  the  radiometer  supply  assuming  system  high 
voltage  Is  on.  A logic  "O”  indicates  that  high  voltage  supply  B has  not  been 
selected  to  receive  42  VAC  in  Band  1.  A logic  "O"  concurrently  in  both  MPBD1HV7 
and  MPBDIHVB  indicates  Band  1 high  voltage  is  off. 

17.7.1.25  Hand  2 iUgh  Voltage  A On/Off  (Mr-BD2HVA) 

This  telemetry  monitors  the  Band  2 HIGH  VOLTAGE  A OH/OFF  status  (see  Figure 

17.6-2  and  17.7-12).  A logic  ’’1"  indicates  that  high  voltage  supply  A has  been 
selected  to  receive  42  VAC  from  the  radiometer  supply  assuming  system  high 
voltage  is  on.  A logic  "0"  indicates  that  High  Voltage  supply  A has  not  been 
selected  to  receive  42  VAC  in  Band  2. 
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Figure  17.7-11.  High  Voltage  On/Off  TLM  Circuit 
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Figure  17.7-12.  Band  High  Voltage  A,  On-Off/B,  On-Off 
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17.7.1.26  Band  2 High  Votlage  B On/Off  (MPBD2HVB) 

This  telemetry  monitors  the  Band  2 HIGH  VOLTAGE  B ON/OFF  status  (see  Figures 

17.6-2  and  17.7-12).  A logic  "1"  indicates  that  high  voltage  supply  B has  been 
selected  to  receive  42  VAC  from  the  radiometer  supply  assuming  system  high 
voltage  is  on.  A logic  "0”  indicates  the  high  voltage  supply  B has  not  been 
selected  to  receive  42  VAC  in  Band  2.  A logic  "0“  concurrently  in  both  MPBD2HVA 
and  MPBD2HVB  indicates  Band  2 high  voltage  is  off. 

17.7.1.27  Band  3 High  Voltage  A On/Off  (MPBD3HVA) 

This  telemetry  monltora  the  Band  3 HIGH  VOLTAGE  A ON/OFF  status  (see  Figure 

17.6-2  and  17.7-12).  A logic  "1”  indicates  that  high  voltage  supply  A hsj  been 
selected  to  receive  42  VAC  from  the  radiometer  supply  assuming  system  high 
voltage  is  on.  A logic  "0"  indicates  that  high  voltage  A has  not  been  selected 
to  receive  42  VAC  in  Band  3. 

17.7 .1 .28  Band  3 High  Voltage  B On/Off  (MPBD3HVB) 

This  telemetry  monitors  the  Band  3 HIGH  VOLTAGE  B OK/OFF  status  (see  Figure 

17.6-2  and  17.7-12).  A logic  "1”  indicates  that  high  voltage  supply  B has  been 
selected  to  receive  42  VAC  from  the  radiometer  supply  assuming  system  high 
voltage  is  on.  A logic  "0”  indicates  that  high  voltage  supply  3 has  not  been 
selected  to  receive  42  VAC  in  Band  3.  A logic  "C"  concurrently  In  both  MPBD3HVA 
and  MPBD3HVB  indicates  Band  3 high  voltage  is  off. 

17.7.1.29  Shutter  Rotating  Yes/No  (MXSHRROT) 

This  telemetry  monitors  the  presence  or  absence  of  the  shutter  sync  signals  from 
the  shutter  monitor  preamplifier  (see  Figure  17.7-13).  A logic  "1"  indicates 
that  the  shutter  motor  is  rotating  and  shutter  sync  signals  are  generated.  A 
logic  "0"  Indicates  that  the  shuttermotor  is  not  rotating  and  no  shutter  sync 
signals  are  generated. 
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Figure  17.7-13.  Shutter  Rotating  Yes/No  Telemetry  Circuit 
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17.7.2  PASSIVE  ANALOG  TELEMETRY 


The  following  passive  telemetry  functions  monitor  temperatures  In  the  MSS. 
Figure  17.7-14  shows  the  derivation  circuit  typical  of  each  function.  Note  that 
the  circuit  Is  provided  for  information  only;  it  is  superseded  by  the  exact 
circuit  on  the  appropriate  engineering  drawing. 


SCAN  MIRROR  REGULATOR  TEMP 
SCAN  MIRROR  ELECTRONICS  TEMP 
SCAN  MIRROR  COIL  TEMP 
SCAN  MIRROR  HOUSING  TEMP 
MUX  TEMP 

PWR  SUPPLY  TEMP  (RADIOMETER) 
ELECTRONICS  COVER  TEMP  (RADIOMETER) 
PRIMARY  POWER  SUPPLY  1 TEMP 
PRIMARY  POWER  SUPPLY  2 TEMP 
FIBER  OPTICS  TEMP  1 
FIBER  OPTICS  TEMP  2 


(MTSCMRRG) 

(MTSCMREL) 

(MTSCMRCL) 

(MTSCMRHG) 

(MTMUX) 

(MTTRADPS) 

(MTELCVR) 

(MTPPSl) 

(MTPPS2) 

(MTFIBOPl) 

(MTFIB0P2) 


All  passive  analog  telemetry  functions  in  the  MSS  are  temperature  monitors.  The 
temperatures  are  monitored  using  the  1 ma  strobes  from  the  RIU  into  thermistors 
(4K  ohm  at  25°c) . The  parallel  8.06K  resistor  serves  to  linearlEfi  the 
thermistor  characteristic  within  the  0 to  5 volt  telemetry  readout  voltage 
range.  The  temperature  telemetry  calibration  curve  is  given  in  Appendix  A. 17, 
Figure  A. 17-1 . 


17.7.3  ACTIVE  ANALOG  TELEMETRY 


The  following  are  active  analog  telemetry  functions  in  the  MSS.  Note  that  the 
derivation  circuits  are  provided  for  information  only;  they  are  superseded  by 
the  exact  circuit  on  the  appropriate  drawing. 

17.7.3.1  High  Voltage  Monitor  Telemetry 

HIGH  VOLTAGE  MONITOR  BAND  lA  (MVBDIHVA) 

HIGH  VOLTAGE  MONITOR  BAND  2A  (MVBD2HVA) 

HIGH  VOLTAGE  MONITOR  BAND  2B  (MVBD2H'/B) 

HIGH  VOLTAGE  MONITOR  BxAND  3A  (MVBD3HVA) 

HIGH  VOLTAGE  MONITOR  BAND  3B  (MVBD3HYB). 

These  telemetry  functions  are  high  voltage  monitors  (see  Figure  17.7-15).  The 
high  voltage  supplies  which  power  the  photomultiplier  tubes  for  Bands  1 , 2 and  3 
are  monitored  by  taking  a small  fraction  of  the  negative  high  voltage  and 
inverting  it  by  means  of  an  operational  amplifier  to  provide  the  required 
positive  voltage  telemetry  signal.  The  high  voltage  monitor  calibration  curve  is 
given  in  Appendix  A. 17,  Figure  A. 17-2. 
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CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTIONS: 


..X  MTSCMRRG  MTSCMRHG  MTELCVR  MTFIBOP1 

; MTSCMREL  MTMUX  MTPPSl  MTFI80P2 

MTSCMRCL  MTRADPS  MTPPS2 


Figure  17.7-14.  Passive  Analog  Teleuetry  Circuit 


CIRCUIT  APPLIES  TO  THE  FOLLOU'I .'’G  FUNCTIONS: 

MVBDIKVA  MVBD2HVA  t'.VBDSHVA 

MVBDTnVO  MVB02HVA  MVBD3HVB 


Figure  17.7-15.  High  Voltage  TLM  Circuit 
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n .7 .2.2  +/-15  Volt  Regulator  Telemetry 

BAND  1 +15  VOLT  REGULATOR 

BAND  2 +15  VOLT  REGULATOR 

BAND  3 +15  VOLT  REGULATOR  (MVBD3B15) 

BAND  4 +15  VOLT  REGULATOR  (MVBD4B15) 

These  telemetry  functions  monitor  the  +15  volt  regulated  output  from  the  +19 
volt  source  (see  typical  Figure  17.7-16).  The  +15  volt  supplies  for  the 
amplifiers  of  each  of  the  four  spectral  bands  are  regulated  independently  from 
the  common  +19  volt  source.  When  both  positive  and  negative  regulators  are 
operating  properly,  the  executed  telemetry  voltage  range  is  3.9  ^.2  volts.  No 
calibration  curve  is  provided  for  the  +15  volt  regulator  telemetry, 

1^*^*3*3  +12/-6  Volt  Regulator  (MVP12H06) 

This  telemetry  function  monitors  the  +12/-6  VDC  regulated  outputs  from  their 
respective  +16/-10  volt  scan  monitor  power  sources  (see  Figures  17.6-8  and 

17.7- 17).  When  both  positive  and  negative  regulators  are  operating  properly  the 
expected  teleceetry  voltage  range  is  4.0  +0.2  volts.  No  calibration  curve  is 
provided  for  the  +I2/-6  volt  teleoietry. 

17.7.3.4  Radiometer  +/-19  V (MVRADB19) 

This  telemetry  monitors  the  +19  VDC  rectifier  output  (see  Figures  17.6-1  and 

17.7- 18).  When  both  supplies  are  operating  properly  a voltage  of  3.5  +.04 

volts  is  expected.  The  expected  telemetry  range  when  both  +19  and  -19  volt 
rectifiers  are  operating  properly  is  3.5  +0.4  volts.  The  +19  volt  telemetry 
characteristic  is  depicted  in  Appendix  A. 17,  Figure  A. 17-3. 

17.7.3.5  Radiometer  +19  VDC  (MVRADP19) 

This  telemetry  monitors  the  +19  VDC  rectifier  output  (see  Figures  17.6-1  and 

17.7- 19).  When  the  +19  VDC  supply  is  operating  properly,  the  expected  telemetry 
voltage  range  is  from  4 volts  to  5 volts.  The  +19V  telemetry  calibration  curve 
is  given  in  Appendix  A. 17,  Figure  A. 17-4. 

17.7.3.6  KUX  +5  Volt  Logic  Monitor  (mT?!UXP05) 

This  telemetry  monitors  the  +5  volt  logic  supply  in  the  multiplexer  (see  Figure 

17.7- 20).  The  telemetry  voltage  is  equal  to  one  half  of  the  multiplexer  logic 
supply  output.  The  expected  telemetry  range  Is  from  2.4  V to  2.65  V.  The  +5 
volt  logic  supply  telemetry  calibration  curve  is  given  in  Appendix  A. 17,  Figure 
A. 17-5. 


(MVBD1B15) 

(MVBD2B15) 
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CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTIONS; 

HVB01B15  MVB03B15 

MVB02B15  MVBD4B15 


Figure  17. 7-16,  +15  Volt  Regulator  Telemetry  Circuit 
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CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTION: 
MVP12N06 


Figure  17.7-17.  +12/-6  V Regulator  Telemetry  Circuit 

0.1  n\/ 


CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTION: 

MVRADB19 

Figure  17.7-18.  +19  V Rectifier  Telemetry  Circuit 
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CIRCUIT  APPLIES  TO  THE  FOLLOUIHG  FUNCTION: 
HVRADPI9 


Figure  17.7-19.  +19  V Rectifier  Telemetry  Circuit 


CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTION: 
MVMUXP05 


Figure  17.7-20,  MUX  +5  V Logic  Telemetry  Circuit 
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Figure  17.7-21.  MUX  A/D  Reference  Telemetry  Circuit 


+12v 


CIRCUIT  APPLIES  TO  TMC  FPLLOWIMG  FUNCTION: 
MXAVDATA 

Average  Data  Density  TLM  Circuit 


Figure  17.7-22. 
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17.7.3.7  WX  A/D  Reference  (MVMUXAD) 

This  telemetry  monitors  the  multiplexer  analog  to  digital  converter  reference 
supply  (see  Figure  17.7-21).  The  teleiMtry  voltage  is  equal  to  the  A/D 
converter  reference  supply  output.  The  expected  telemetry  range  is  from  3.4 
volts  to  3.6  volts.  The  MUX  A/D  reference  supply  telemetry  calibration  curve  la 
given  in  Appendix  A. 17,  Figure  A. 17-6. 

17.7.3.8  Average  Density  of  Data  Transitions  (MXAVDATA) 

This  telemetry  monitors  the  average  of  data  transitions  density  (see  Figure 

17.7- 22).  The  telemetry  represents  the  number  of  transitions,  from  "1"  to  "0" 
and  "0"  to  "1",  per  unit  time  of  the  data  bits.  The  telemetry  voltage  should 
vary  between  0.5  volts  and  4.7  volts  when  the  MSS  is  powered  in  the  normal  code 
indicating  that  the  multiplexer  is  putting  out  data.  No  calibration  curve  is 
provided  for  the  average  density  of  data  transitions. 

17 .7  .3.9  -24.5  Volts  Primary  Power  Supply  Telemetry 

-24.5  VDC  Primary  Power  Supply  1 (M\’PS1N24) 

-24.5  VDC  Primary  Power  Supply  2 (MVPS2N24) 

These  telensetry  functions  monitor  the  -24.5  VDC  outputs  of  primary  power  supplys 
one  and  two  (see  Figure  17.7-23).  The  expected  telemetry  range  for  PPSl  and 
PPS2  -24.5  volt  outputs  is  from  2.35  volts  to  2.74  volts  when  energized.  The 
calibration  curve  for  the  •24.5  volt  supplies  is  given  in  Appendix  A. 17,  Figure 
A. 17-7. 

17.7.3.10  -t5  V Radiometer  Supply  (MVHADP05) 

■^hls  telemetry  monitors  the  -PS  volt  radiometer  supply  output  (see  Figure 

17.7- 24).  The  4.7K  isolation  resistor  is  used  as  a source  impedance  to  the  RIU. 

The  telemetry  voltage  is  equal  to  the  +5  V radiometer  supply  output.  The 

expected  telemetry  voltage  range  is  from  4.7  volts  to^S.l  volts.  The  +5V 
radiometer  supply  telemetry  calibration  curve  is  given  in  Appendix  A. 17,  Figure 
A. 17-8. 
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CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTIONS. 

MVPS1N24 

MVPS2N24 


Figure  17.7-23.  -24.5  V PPS  Telemetry  Circuit 


CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTION: 
MVRADP05 


Figure  17.7-24.  +5  V Radiometer  Power  Supnly  TLM  Circuit 
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17.7.3.11  Bands  1 to  j4  Video  Channel  Telemetry 


Band  1 Channel  A Video 
Band  2 Channel  A Video 
Band  3 Channel  A Video 
Band  4 Channel  A Video 


(MXBDICHA) 

(MXBD2CHA) 

(MXBD3CHA) 

(MXBD4CHA) 


These  telemetry  functions  n»nitor  the  Bands  I to  4 video  channel  analog 
telemetry  (see  Figure  17.7-25).  The  telemetry  provides  a method  for  isolating  a 
sensor  channel  failure  to  either  the  scanner  or  the  multipleKer  in  the  event  of 
a fault.  Since  a sensor  channel  failure  can  be  Identified  from  demultiplexed 
video  data  and  the  quality  of  the  telemetry  as  sampled  every  16  seconds  is  poor, 
only  1 sensor  per  band  is  monitored  in  the  spacecraft  to  permit  band  isolation 
of  a fault  condition.  Sensors  1,  7,  13  and  19  are  monitored.  The  video  output 
telemetry  calibration  curve  is  given  in  Appendix  A. 17,  Figure  A. 17-9. 


17.7.3.12  Optical  Switch  Lamp  Current  Monitor 

Optical  Switch  Lamp  1 CurrerAt  Monitor  (MIOPSWLl) 

Optical  Switch  Lamp  2 Current  Monitor  (MI0PSWL2) 


These  telemetry  functions  monitor  the  current  in  the  Scan  Mirror  assembly 
optical  switch  lamp  power  lines  (see  Figure  17.7-26).  The  expected  range  of  the 
optical  switch  lamp  current  for  both  PPSl  and  PPS2  is  160  ma  to  200  ma. 


A different  resistance  value  is  used  to  generate  the  telemetry  signal  in  FPS2  so 
its  calibration  curve  is  different  from  that  of  PPSl.  The  telemetry  voltage 
range  is  from  2.6  to  3.3  volts  for  MIOPSWLl  and  from  3.2  to  4.0  volts  for 
MI0PSWL2.  The  telemetry  calibration  curves  are  given  in  Appendix  A. 17,  Figures 
A. 17-10  and  A. 17-11,  respectively. 

17.7.3.13  -8-15  V Telemetry  Regulator  (MVTLMP15) 

This  telemetry  monitors  the  +15  V”'’  telemetry  voltage  regulator  (see  Figure 
17.7-27).  The  expected  telemetry  voltage  Is  3.8  +.01  volts.  The  +15  volt 
telemetry  regulator  telemetry  calibration  curve  is  given  in  Appendix  A. 17, 
Figure  A. 17-12. 


17.7.3.14  CAL  Lamp  Current  (MICALI>1P) 

This  telemetry  monitors  the  calibration  lamp  current  (see  Figure  17.7-28).  The 
expected  calibration  lamp  current  range  is  from  85  ma  to  110  ma.  The 
corresponding  telemetry  voltage  range  is  from  3.4  to  4.4  volts.  He  cal  lamp 
current  telemetry  calibration  curve  is  given  in  Appendix  A. 17,  Fij,  A. 17-13. 
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CIRCUIT  APPLIES  TO  THE  FOLLOWING  rUMCTIONS; 

MXBOICHA  MXB03CHA 

MXBD2CHA  MX3D4CHA 


Figure  17 .7“25.  Video  Chpnnel  Telemetry  Circuit 


CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTIONS; 
fllOPSV/Ll 
MI0PSWL2 

’^39  = 2.0  in  PPS-I 
2.S  in  PPS-2 

Figure  17.7-26.  Optical  Switch  Lamp  Current  Telemetry  Circuit 
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CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTION: 
MVTLMPIS 

Figure  17.7-27.  +15  Vole  Regulator  TLK  Circuit 


CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTION; 

HICALLMP 

Figure  17.7-28.  CAL  Lamp  Current  Telemetry  Circuit 
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17.7.3.15  Shutter  Control  Integrator  (MVSHRCTL) 

This  telemetry  monitors  the  input  voltage  from  the  control  Integrator  in  the 
shutter  motor  synchronization  loop  (see  Figure  17.7-29).  The  voltage  developed 
depends  on  the  motor  speed  as  well  as  the  individual  motor  constants.  For  the 
Protoflight  MSS  the  noaiinal  telemetry  voltage  is  3 +0.3  volts  at  408.6  RPM. 

17.7.3.16  Scan  Mirror  Drive  (MVSCMRDR) 

This  telemetry  monitors  the  scan  mirror  drive  square  wave  after  rectification 
and  filtering  (see  Figure  17.7-30).  The  expected  telemetry  voltage  range  is 
from  2.0  V to  3.0  V.  The  scan  mirror  drive  telemetry  calibration  curve  is  given 
in  Appendix  A.17,  Figure  A. 17-14. 

17.7.3.17  Scan  Mirror  Regulator  (MVSCMVRRG) 

This  telemetry  monitors  the  scan  mirror  drive  voltage  regulator  output  (se® 
Figure  17.7-31).  The  expected  scan  mirror  regulator  output  telemetry  is  2.50 
volts.  The  scan  mirror  regulator  telemetry  calibration  curve  is  given  in 
Appendix  A.17,  Figure  A. 17-15. 

17.7.4  PDU/MSS  TELEMETRY 

The  following  bilevel  telemetry  functions  located  in  the  PDU  are  pertinent  to 
MSS  operation  and  thermal  control. 

17.7.4.1  MSS  POWER  A ENA/DIS  (YMSAPWR) 

This  telemetry  monitors  the  +28  volt  payload  Bus  A from  the  PDU  to  the  MSS 

(Reference  Paragraph  11.7).  A "1"  state  indicates  the  +28  volt  Payload  Bus  A 15 
connected  to  the  MSS-A  Load  and  a "0"  state  indicates  the  +28  volt  Payload  Bus  A 
is  disconnected  from  the  MSS-.\  load. 

17.7.4.2  MSS  POKER  B ENA/DIS  (YMSBPWR) 

This  telemetry  monitors  the  +28  volt  payload  Bus  B from  the  PDU  to  the  MSS 

(Reference  Paragraph  11.7).  A "I”  state  indicates  the  +28  volt  payload  Bus  B is 
connected  to  the  MSS  B load  and  a ”0"  state  indicates  the  +28  volt  paylod  Bus  B 
is  disconnected  from  the  MSS  B load. 

17.7.4.3  MSS  IKTERFACE  B HEATER  EHA/PIS  (YMS8HTR) 

This  telemetry  monitors  the  application  of  the  +28  volts  Bus  .4  and  Bus  B to  the 
MSS  IF  B heaters  located  on  the  MSS  support  structure  of  Che  IM  (Reference 
Paragraph  11.7).  A "l"  state  Indicates  that  either  or  both  the  +28  volt  Bus  A 

and  +28  volt  Bus  B have  been  applied  to  the  MSS  Interface  B heaters.  A "0" 

state  inuicates  Chat  both  +28  volt  Bus  A and  +28  volt  Bus  B have  been 
disconnected  from  the  heaters. 
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CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTION: 
MVSHRCTL 


Figure  17.7-29.  Shutter  Control  Integrator  Telemetry  Circuit 
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(T/M  PWR) 
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CIRCUIT  APPLIES  TO  THE  FOLLOWING  FUNCTIONS; 
MVSCMRDR 


Figure  17.7-30.  Scan  Mirror  Drive  Telemetry  circuit 
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MVSCMRRG 


Figure  17.7  31.  Scan  Mirror  Regulator  Telemetry  Circuit 
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17.7.5  SCCU/MSS  TELEMETRY 

The  following  bilevel  to  telemetry  functions  located  In  the  SCOT  are  pertinent 
to  MSS  thermal  control. 

17.7.5.1  MSS  Interface  A Primary  Heater  ENA/DIS  (UMSAHTA) 

This  telemetry  monitors  the  application  of  +28  VDC  bus  (A  or  B)  power  to  the  MSS 
IF  A Primary  Heater  located  on  the  MSS  support  structure  of  the  IM  through  the 
SCCU  heater  module  (Reference  Paragraph  8.6).  A "1"  state  Indicates  the 
application  of  +28  VDC  bus  power  to  the  MSS  IF  A primary  heater  and  a "0"  state 
Indicates  the  power  has  been  removed. 

17.7.5.2  MSS  Interface  A Redundant  Heater  ENA/DIS  (UMSAHTB) 

This  telemetry  monitors  the  application  of  +28  VDC  bus  (A  or  B)  power  to  the  MSS 
IF  A Redundant  Heater  through  the  SCCU  heater  module  (Reference  Paragraph  8.6). 

A "1"  state  Indicates  the  application  of  +28  V bus  power  to  the  MSS  IF  A 
redundant  heater  and  a "0"  state  Indicates  the  power  has  been  removed. 

17.7.5 .3  MSS  Interface  A Heater  THermostata  Bypass/EKA  (UMSYATHT) 

This  telemetry  monitors  the  use  of  the  MSS  IF  A Heater  Thermostat  (reference 
Paragraph  3.6).  A "1"  state  Indicates  the  MSS  IF  A mechanical  thermostat  has 
been  bypassed.  A "0"  state  Indicates  the  thermostat  Is  controlling  the  heater. 
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SECTION  18.0  31  December  1981 
PAYLOAD  CORRECTION  DATA 

The  operation  of  the  Landsat-D  payloads  (MSS  and  TM)  Induces  vibration  or  jitter 
into  the  imaging  instruments.  In  order  to  correct  this  jitter,  Payload 
Correction  Data  (PCD)  is  generated  by  the  Payload  Correction  Data  Subsystem  and 
downlinked  where  it  may  be  used  in  the  IGF  to  correct  TM  images. 

18.1  PCD  FL^CTIONAL  DESCRIPTION 

The  PCD  subsystem,  as  shown  in  Figure  18.1-1,  consists  of  an  Angular 
Displacement  Sensor  (ADS),  ADS  Electronics  and  a PCD  Formatter.  The  PCD 
Formatter  is  located  in  the  Power  Distribution  Unit  (PDU) . 

18.1.1  ANGLE  DISPLACEMENT  SENSOR  (ADS) 

The  ADS  Bjonltors  Thematic  Mapper  (TM)  angular  motion,  specifically  angular 
displacement  of  the  TM  mounted  on  the  flight  segment  (FS)  resulting  from  tha 
reaction  of  the  TM  oscillating  mirror. 

The  ADS  consists  of  three  fluid  rotor  angular  displacement  sensors  configured  in 
a tri-axlal  arrangement.  A block  diagram  of  one  of  the  fluid  rotor  sensors  is 
shown  in  Figure  18.1-2.  These  sensors  are  mounted  on  the  TM  and  provide  input 
to  the  ADS  electronics. 
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Figure  18.1-2.  Angular  Displaccnjsr.i;  Sensor 
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18.1.2  ADS  ELECTRONICS 

The  ADS  electronics  processes  the  ADS  outputs  into  a form  usable  by  the 
Formatter  electronics.  The  functions  provided  are: 

1.  Filters  - each  ADS  axis  signal  is  low-pass  filtered  to  eliminate 
higher  frequency  components  that  would  lead  to  biasing  in  the  sampled, 
digitized  data. 

2.  Temperature  Sensor  Conditioning  Circuits  - these  circuits  provide  the 
current  and  reference  to  read  the  temperature  sensors. 


3.  Analog  Multiplexer  - the  analog  multiplexer  selects  one  of  eight 
possible  analog  inputs.  Three  of  these  inputs  are  the  ADS  axis 
inputs,  four  are  the  temperature  inputs,  and  one  input  is  used  in 
monitoring  the  A/D  converter. 

A.  A/D  Converter  - converts  the  selected  analog  input  Into  a digitized 
output . 


A block  diagram  of  the  ADS  electornics  is  shov^n  in  Figure  18.1-3.  The  ADS 
Interfaces  only  to  the  ADS  ele*£jronics ; therefore,  the  ADS  power  and  tl. : ADS 
test  signals  are  interfaced  via  the  ADS  electronics. 

18.1.2.1  Analog  Multiplexer 

The  analog  multiplexer  selects  one  of  eight  possible  inputs,  as  determined  by 
select  signals,  and  presents  the  signal  to  Che  A./D  converter  for  digitizing  as 
shown  in  Figure  18.1-3.  The  Inputs  are: 


1 . X-axis  ADS  data 

2.  Y-axis  ADS  data 

3,  Z-axls  ADS  data 

A.  X-axis  ADS  temperature  data 

5.  Y-axis  ADS  temperature  data 

6.  Z-axis  ADS  temperature  data 

7.  ADS  electronics  temperature 

8.  A/D  converter  monitor 


18.1 .2.2  Analog  to  Digital  Converter 

The  signal  selected  by  Che  multiplexer  is  analog  to  digital  converted  and  sent 
to  the  PCD  Formatter  via  serial  signal.  Inputs  to  the  A/D  converter  are  the 
data  signals,  the  512  Hz  clock  and  start  conversion  signal.  Serial  data  signals 
and  the  end  of  conversion  (EOC)  signal  are  outputted  to  both  PCD  Fonnatfcer  A and 
B. 


L3D-i^P!>263 


18-A 


SVS-10266 
31  December  1981 


18.1.3  PCD  FORMATTER 

The  PCD  Formatter  is  located  la  the  PDU  and  receives  the  following  signals: 

1 . Angle  Displacement  Sensor  (From  ADS) 

2.  ADS  Temperature  (From  ADS) 

3.  Gyro  Data  (Frcm  OBC) 

4.  Gyro  Drift  Data  (From  OBC) 

5.  Attitude  Estimate  (From  OBC) 

6.  Ephemeris  (From  OBC) 

7.  TM  Housekeeping  Data  (From  OBC) 

8.  MSS  Housekeeping  Data  (From  OBC) 

9.  S/C  Time  Code  (From  DPO) 

10.  Formatter  Status  (Generated  in  the  Formatter) 

11.  Sync  (Generated  in  the  Formatter) 

12.  KFID  (Generated  In  the  Formatter) 

13.  A/D  Ground  Reference  (from  ADS) 

14.  Telemetry  Frame  correlation  (Generated  in  Formatter) 

ADS  data  is  received  from  the  ADS  electronics  A/D  converter  circuits  in  serial 
form  placed  in  holding  registers,  and  packed  into  the  serial  output  stream  at 
the  appropriate  time"'.  The  ADS  electronics  sampling  and  channel  selection  are 
controlled  by  timing  circuits  In  the  PCD  Formatter. 

Time  code  data  is  sent  to  the  Formatter  from  the  DPU  by  means  of  a serial  data 
line  and  a gated  clock.  This  data  stream  is  loaded  into  a 1024  x 1 bit  static 
RAM  operated  in  a first  In/first  out  fashion.  It  is  read  from  the  RAM  and 
placed  in  the  telemetry  stream  in  PCD  major  frame  1. 

Attitude,  ephemeris  and  gyro  drift  data,  and  selected  telemetry  data  are 
received  from  the  RIU  in  a single  serial  stream  by  the  PDU  digital  electronics 
and  are  then  transferred  to  the  PCD  Formatter.  The  various  types  of  data 

compromising  the  serial  input  are  not  differentiated  in  the  PCD  Formatter.  The 
data  is  loaded  into  and  read  from  a second  1024  X 1 bit  RAM  in  a similar  manner 
to  time  code  except  for  the  placement  of  the  data  in  the  PCD  telemetry  frames. 
Gyro  data  is  also  received  by  circuits  within  the  PDU  digital  electronics  and 
then  sent  to  the  PCD  Forntatter  and  are  likewise  stored  In  a 1024  X 1 bit  RAM, 

and  read  out  as  required.  Data  from  the  PDU  digital  electronics  is  sent  over 

the  common  clock  and  data  lines;  separate  enabling  signals  are  provided  to  steer 
the  data  to  the  appropriate  PCD  Fonsatter  circuits.  Major  frame  synchronization 
and  1.024  MHz  clock  signals  are  also  sent  to  the  PCD  Formatter  from  the  RIU  by 
the  PDU.  PCD  Formatter  status  words,  sync  pattern,  minor  frame  ID  and  major 

frame  correlation  ar  internally  generated  and  placed  in  the  serial  output 
stream  by  separate  shift  registers  which  are  loaded  and  clocked  as  required  by 
the  given  data  format.  PCD  Formatter  status  will  include  a fratalng  error  flag, 
which  when  set  Indicates  that  major  frame  sync  did  not  occur  or  that  its 
occurance  was  not  at  the  expected  time;  and  a time  code  update  flag  to  Indicate 
that  no  new  time  code  data  wis  received  during  the  current  telemetry  major 
frame. 
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Output  signals  from  the  PCD  Formatter  are  sent  to  the  DFO  airf  Che  C&DH 
subsystem.  The  DPU  Is  provided  with  serial  data  and  clock  sigral4i.  The  C&DH 
subsystem  is  also  sent  serial  data  and  clock  signals,  plus  a clock  (64 

KHz).  PCD  Formatter  interfaces  are  shown  in  Figure  18.1-4.  The  <sf  these 

data  is  defined  in  the  SVS-10123,  Data  Format  Control  Book,  Volume  ll 
(Telemetry) . 


18.2  PERFORMANCE  CAPABILITIES 


18.2.1  ANGULAR  DISPLACEMENT  SENSOR  PERFORMANCE 


1.  Sensitivity:  Roll:  25  volts/milliradian 

Pitch  and  Yaw:  50  Volts/Milliradian 

2.  Threshold:  <0.1  Microradians 


3.  Linear  Range: 


4.  Bandpass: 


-5  Volts  to  +5  Volts 

Roll:  +400  nictoradlans 

Pitch  and  Yaw:  +200  microradians 

0.5  Hz  to  120  Hz 


5.  Accuracy: 


Gain:  +1.2  Microradians 
Phase:  +0.6  Degrees 


6.  RMS  Noise: 


<0.1  Microradians 


7.  Cross  Axis  Coupling:  <0.2%  of  Input 
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18.2.2  ANALOG  MULTIPLEXER  AND  A/D  COtWERTER  PERFORilANCE 


1.  Conversion  time: 

2.  Resolution: 

3.  Accuracy: 


125  microseconds 

at  least  0.1%  (10  binary  bits) 

shall  be  able  to  be  knovm  to  at  least 
0.1%  (absolute  accuracy)  after  ground 
computations 


4 . Range : 

18.2.3  PCD  FORMATTER  PERFORMANCE 
TBS 


-5.000  volts  to  +5.000  volts 


18.3  PCD  Modes  of  Operation 

The  PCD  subsystem  has  two  modes 

Formatter/ADS  Power  ON 
Formatter/ADS  Power  OF? 

which  are  controlled  via  discrete  command  from  RIU  #6.  Power  switching  is 

accomplished  in  the  POU.  The  PCD  Formatter  (A  and  B)  that  is  powered  is  the 

same  as  that  selected  for  PDU  Electronics  (A  or  B).  The  ADS  Electronics  are 
powered  with  power  to  either  formatter. 

18.4  CONSTRAINTS 
TBS 

18.5  REDUNDANCY 

Tnc  ADS  and  ADS  Electronics  are  single  units  without  redundant  backup.  The  PCD 

Formatter  is  block  redundant  with  the  active  Formatter  determined  by  which  side 

of  the  PDU  Is  selected. 

The  Formatter,  DPU  and  FDU  Power  supply  (as  well  as  the  other  sections  of  the 
PDU)  form  a single  functional  block  of  redundant  components  which  are  tied 
together  iu  a simple  A-A  configuration.  See  Figure  18.1-1. 

18.6  COMMANDS 

RIU  6 will  provide  the  command  functions  to  the  PCD  identified  in  the  Command 
Directory. 
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18.7  TELSMETRY 

Telemetry  from  the  PCD  will  be  defined  in  the  Telemetry  directory.  Information 
regarding  calibration  cur’">s  for  any  PCD  telemetered  functions  will  be  found  in 
Appendix  A. 18. 
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SECTION  19.0 


THERMAL  CONTROL  SUBSYSTEM 
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The  Thermal  Control  Subsystem  (TCS)  on  the  Landsat-D  Flight  Segment  is  used  to 
generate  ind  distribute  the  heat  energy  required  to  maintain  the  spacecraft  and 
its  components  within  the  designed  temperature  limits.  The  TCS  is  made  up  of 
both  active  and  passive  elements:  heaters,  which  transform  electrical  energy 

into  heat  energy;  blanltets,  which  reduce  the  rate  of  heat  loss;  and  louvers, 
which  promote  the  dissipation  of  heat.  The  heaters  are  controlled  by  mechanical 
thermostats  or  by  circuits  using  themistors  as  sensing  elements.  These  control 
devices  measure  the  local  temperature  and  cycle  the  heaters  on  and  off  within 
predetermined  limits.  Thermistors  are  also  employed  to  measure  the  temperature 
at  various  points  throughout  the  Flight  Segtaent  to  provide  data  for  inclusion  in 
the  telemetry  stream.  The  heater  circuits  are  enabled  and  disabled  by  command 
from  the  OBC,  and  in  some  cases  the  thermostats  can  be  bypassed  to  permit 
heaters  to  be  turned  on  and  off  by  ground  cor.,nand. 

A separate  set  of  heaters  is  hard-wired  to  the  STS/MMS  interface  connector. 

They  maintain  the  Landsat-D  Flight  Segment  tanperature  after  it  has  been 
retrieved  by  the  Space  Shuttle. 

‘ ^ functional  description 

As  far  as  the  TCS  Is  concerned,  the  Landaat-D  Flight  Segment  can  be  thought  of 
as  being  divided  into  four  parts; 

1 . IM  Structure 

2.  IM  Subsystems 

3.  MHS  Structure 

4.  MMS  Subsystems 

19.1.1  THERMAL  ELEt-IENTS,  ON-ORBIT  OPERATIONS 

19.1.1.1  IM  Structure 

19.1.1.1.1  Heaters  and  Heater  Controls 

There  are  approximately  fifty  heaters  located  throughout  the  IM  Structure  which 
are  used  during  on-orbit  operations. 

They  consist  of  either  one  strip  (single),  two  strips  (co-lam),  or  three  strips 
(trt-lam).  The  heaters  are  grouped,  and  each  group  is  turned  on  and  off  either 
by  control  circuits  (using  thermistors  as  sensing  elements)  located  in  the 
Power  Distribution  Unit,  or  by  thermostat  To  locate  the  heaters,  thermostats,  and 
thermistors,  see  GE  Drawing  No.  47J255181,  Thermal  Subsystem  Installation.  The 
table  on  sheet  1 of  this  drawing,  entitled  "On-Orbit  Environment  Thermal 
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Control",  lists  the  heaters,  thermostats,  and  Chersalstors.  The  table  also  shows 
the  construction  and  power  rating  of  the  heaters. 

19.1.1.1.2  Temperature  Sensors  (Telemetry) 

There  are  approximately  41  thermistors  distributed  throughout  the  IM  Structure 
which  monitor  the  structure  temperature.  The  output  of  these  sensors  is 
inserted  into  the  telemetry  stream.  These  thermistors  are  listed  la  the 
Telemetry  Temperature  Sensor  Location  Guide,  GE  Drawing  No.  47J255181,  Thermal 
Subsystem  Installation,  sheet  1.  The  guide  gives  the  key  to  the  location  of 
each  sensor  as  well  as  its  telemetry  mnemonic. 

19.1.1.2  IM  Subsystems 

The  location  of  heaters,  thermistors,  and  thermostats  is  shown  on  .the  following 
figures  for  the  IM  subsystem  listed.  Locations  for  other  IM  subsystems  are  TBS. 


Figure  19.1-1. 
Figure  19.1-2. 
Figure  19.1-3. 
Figure  19.1-4. 


WBCS  (Wideband  Module) 
WBC5  (RF  CoiapartKant) 
GPS  (R/PA) 

DASB 


19.1.1.3  MMS  Structure 


There  are  six  heaters,  six  thermostats,  and  six  heaters  attached  to  the  MMS 
structure  as  shown  in  Figure  19.1-5.  Two  heaters  and  two  thermostats  are 
attached  to  the  longerons  at  each  of  the  three  structural  junctures  near 
the  IM.  A thermistor  is  located  within  each  of  these  junctures,  and  within  each 
of  the  three  structural  junctures  toward  the  aft  end  of  the  MMS. 
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19.1.1.4  MMS  Subsystems 

The  location  of  heaters,  thermostats,  and  thermistors  is  shown  on  the  following 
figures  for  the  MMS  Subsystems  listed.  Locations  for  other  MMS  subsystems  are 
TBS. 


Figure  19.1-6.  ESAM 

19.1.2  THERMAL  ELEMENTS,  RECOVERY  ENVIRONMENT 

19.1.2.1  IM  Structure 

There  are  approximately  34  heaters  which  are  used  to  maintain  the  temperature  of 
the  IM  Stiructure  during  the  recovery  phase.  These  are  all  single-element 
heaters,  and  are  hardwired  to  the  STS/MMS  interface  connector.  The  heaters  are 
grouped  and  each  group  is  controlled  by  a thermostat. 

The  heaters,  their  power  ratings,  and  location  are  listed  in  the  table,  "Shuttle 
Environment  Thermal  Control",  GE  Drav;ing  No.  47J255181,  Thermal  Subsystem 
Installation,  sheet  1.  The  thermostat  locations  are  also  shown  on  this  table. 

19.1.2.2  IM  Subsystems 
TBS 


19.1.2.3  MMS  Structure 


TBS 


19.1.2.4  MMS  Subsystems 
TBS 


19.1.3  PASSIVE  THERMAL  CONTROL  ELEMENTS 
19.1.3.1  Thermal  Control  Louvers 

Both  the  MMS  and  IM  of  the  Landsat-D  employ  thermal  control  louvers  to  regulate 
the  temperature  level  of  critical  components.  For  the  KIS , the  following 
subsystems  utilize  louvers: 

1.  MACS  (GE  S/S) 

2,  C&DH  (Fairchild  S/S) 

IPS  (Fairchild  S/S) 

On  the  IM,  only  the  TM  employs  thermal  control  louvers.  A discussion  of  this 
unit  Is  given  in  Section  14. 
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GE  Drawing  No.  47A255161  defines  the  configuration  and  materials  employed  In 
Insulation  blankets  that  will  be  Installed  at  various  locations  throughout  the 
Landsat-D  Instrumentation  Module.  Currently,  the  location  and  installation 
details  for  the  blankets  Is  being  designed.  These  details  will  be  incorporated 
as  a Drawing  Change  to  GE  Drawing  47J255181. 

A description  of  the  teat,  contamination  control  and  blanket  cleaning  procedures 
can  be  found  in  GE  Specification  171A4882. 

19.2  PERFORMANCE  CAPABILITIES 

19.2.1  ALLOWABLE  TEMPEPJ>iTURES  AND  SET  POINTS 

The  thermal  control  systew  of  Landsat-D  has  two  independent  sets  of  heaters. 
One  set  is  employed  when  the  vehicle  is  launched  on  the  Delta  booster,  the  other 
set  is  employed  when  the  vehicle  Is  recovered  by  the  Space  Shuttle.  Table 

19.2-1  defines  the  heater  parameters  for  each  subsystem,  and  the  corresponding 
set  points  of  the  thermostats.  Similarily,  Table  19.2-2  provides  this 

information  for  the  Space  Shuttle  recovery. 
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Table  19,2-2.  Heater/Thermostat  Definition  - Shuttle  Operation 
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T«Bji«ratura  livultti  tincl  th»  aot  points  for  the  MMS  Str\»cture  and  all  of  the 
Land«at-D  components  with  heaters  are  TBS.  Heater  and  thermostat  requirements 
for  the  IM  are  dlscueaed  In  GK  I’ IR-IR54-LS/D  790. 

OBKRATION 

TBS 

l«.4  CONSTRAINTS 
TBS 

RI'^OHNOANCY/ CROSS  STRAPPING 

TBS 

19.6  COMMANDS 

Table  19.2”3  Hats  the  commands  used  In  the  Thermal  Control  Subaystema. 

19.7  TELKMKTRY 

Table  19.2-4  Hats  the  telen»try  points  for  the  Lands«t-D  spacecraft.  The 
points  are  listed  by  aubayatera  and  ave  Identified  by  their  telemetry  mnemonics. 
OperatltVR  limits  and  conversion  curve  coefficients  are  also  shown. 
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Table  19.2-3.  Commands,  Thermal  Control  Subsystem 


Mnemonic 

RlU/Channel/Serlal  Magnitude 

( XX/ ;a/xxxxmxxxxxxxxx) 

Cescriptlon 

4 

HT5  1CV 

0150 

ENA  HTR  1 

ri  7 1 D I 

0152 

DIS  HTR  1 

Hln2EM 

0155 

HTR  2 ENA 

HT5.2DI 

0157 

HTR  2 DIS 

HTGIOM 

0233 

MACS  HTR  GRP  1 ON 

H.T510FF 

3235 

MACS  HTR  GRP  1 OFF 

mT  G2  ON 

3237 

MACS  HTR  GRP  2 ON 

HTG20FF 

0339 

MACS  HTR  GRP  2 OFF 

ST2riTf?0N 

OO^tl 

FHST  2 HTR  ON 

ST1HT70N 

0242 

FHST  1 HTR  ON 

ST12HT0F 

3243 

FHST  1/2  HTRS  OFF 

HTG30N 

■3  24  8 

MACS  HTR  GRP  3 OV 

HTG30FF 

3250 

MACS  HTR  GRP  3 OFF 

HTrARM 

0.0  3 

HTR  ARK 

HT=DI5 

0510 

HTR  DISARM 

TH23YR 

3022 

HTR  THRM  2 BYPS  ENA/OIS  RESET 

TH23YS 

0323 

HTR  THRM  2 BYPS  ENA/OIS  SET 

ThlBYH 

0324 

HTR  THRH  1 BYPS  EN/OIS  RESET 

Thl3 Y5 

0325 

HTR  THRM  1 BYPS  EN/OIS  SET 

HTRRST 

0326  ■ 

AUTO  HTRS  ON/OFF  EN/OIS  RESET 

HTRSET 

0327 

AUTO  HTRS  ON/OFF  EN/OIS  SET 

d3TSRS 

3328 

BAT  3 THRM  SW  ENA/OIS  RESET 

33TSG  r 

032? 

BAT  3 THRM  SU  EN/DIS  SET 

32TSRS 

0 330 

3AT  2 THRM  SU  ENA/OIS  RESET 

B2TSST 

0331 

BAT  2 THRM  SU  ENA/OIS  SET 

51TSk5 

0 532 

BAT  1 THRM  SW  ENA/DIS  RESET 

31TSST 

3333 

BAT  1 THRM  SU  ENA/OIS  SET 

ENAHTA 

3404 

SCCJ  HTR  A ENA 

DISriTA 

3414 

SCCU  HTR  A DIS 

3YPTHA 

0421 

SCCU  HTR  A-THERMO  BYPS 

ENATHA 

3431 

SCCU  HTR  A THERMO  ENA 

ENAUT3 

. 0433 

SCCU  HTR  B ENA 

DI SHT? 

0443 

SCCU  HTR  B DIS 

8vp  h3 

344S 

SCCU  HTR  B THFRmq  3YPS 

ENATHd ' 

0458 

SCCU  HTR  3 THERMO  EN 

SIHAEN 

047000010001Q1110011 

UPR  SUPP  STR  HTR  lA  ENA 

SlhADI 

04700010000110110011 

UPR  SUPP  STR  HTR  lA  DIS 

SlHBEN 

0‘t703C110C01  0011001i 

UPR  SUPP  STR  HTR  IB  ENA 

S 1H3D I 

047001CQOC01110130H 

UPR  SUPP  STR  HTR  13  DiS 

SI TH8V 

0^(7  0 0101000101010011 

UPR  SUP?  STR  HTR  l.ThSM  3YP 

SI  THEN 

04702110000110010011 

UPR  SUPP  STR  HTR  1 THRM  EN 

SSHAEN 

34T0011100Q10001DC11 

OASB  RAD  PRI  hTR  EW 

S5HADI 

04701000000111100011 

DASB  RAO  PRI  HTR  DIS 

ScMBEN 

04731D010001C1100C11 

DAS8  RAD  RED  HTR  EN 

SEHaOI 

04731010230110100011 

OASB  RAD  RED  HTR  OIS 

S3Tri0Y 

04701011000100100011 

DASB  RAD  HTR  THERMO  BYPS 

seTriEN 

34701100000111000311 

DASB  RAO  HTR  THERMO  EN 

LSD-WPC-263 
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Table  19 
c&ieasoQic 


MAHAlN 

KAhACl 

hahsen 

MmHBDI 
HATHBY 
MATHEN 
MSHAEN 
HEHAOI 
MSnSEfi 
MSHBDI 
MSTHBY 
MSTHEN 
WcHAEN 
■jBHAOI 
■ W3HBE\ 
WBriBOI 
. WBTHBV 
wBTHEr; 
S2KAE-J 
S2HA0I 

} ' S <i  H B £ N 

S2HBDI 

S2TKBY 

S2THEN 

Tf*HAEN 

TKhADI 

TKHBEiN 

T KraU I 

ThTHBY 

THTHEN 

PHMAEN 

PraACl 

PhBBEN 

PHaBDI 

PTH8BY 

PTH8EN 

SCH1E^ 

SCHIDI 

SCTH15Y 

SCTHIE'J 

SCH2E.\I 

5Ch20I 

SCTH28Y 

SCTH2EN 

SCH3EN 

SCH3DI 

SCTH33Y 

SCTH3EN 

SCH4EN 


ORlGfNAi:  PACK  U 

OF  POOR  QUALITY  SVS-10266 

31  December  1981 


.2-3.  Commands,  Thermal  Control  Subsystem  (Cont'd) 


RlU/Char.nel/Serial  Magnitude 

(xx/xx/xxxmxxxmxm) 

i‘*7o:oaiuOiooiiioicQ 

«i470001050101011&10  j 

OA70C011001000110iOu 

D'iTOOlOOuOlOliaiOlOO 

0470C101CC1001Q10103 

0470?110CC101001i}10a 

04700111001000010103 

347Q1000QC101110Q100 

047U10010010011C010J 

3470101000101010GIOO 

3470101100100C10C100 

04701100031011000100 

347o:oaiu3iiciiicioi 

347033100C111D110101 

04703011001100110101 

0.»7001Q000111101.3101 

3470C1010011 01010101 

347C0110C0111001C1Q1 

04700111001100010101 

047010000011111001C1 

04701001001101100101 

04701010CD1110103101 

047010110011G010C101 

34701100001111000101 

0470000101000111011? 

04703010010010113110 

3470C0110100CC11C110 

04703100010011010113 

0470010101000101C110 

34700110010010010110 

04700111010000010110 

04701000010011100110 

04701001010001100110 

34701010010010100110 

04701011010000100110 

04701100C10011000110 

G470U001010101110111 

04700010010110’.  10111 

04703D11010100110111 

04700100010111010111 

04703101010101010111 

04700110010110013111 

04700111010100010111 

34701000010111100111 

04701001010101100111 

04701010Q1Q11013C111 

04701011010100100111 

04701100010111300111 

34700301011001111000 


Df.scription 


TH/HISS  ADAPT  PR  I HTR  E'l 

TM/MISS  ADAPT  PHI  HTR  DIS 

T“/MISS  ADAPT  RED  HTR  EN 

TH/HISS  ADAPT  RED  HTR  DIS 

TM/JUSS  ADAPT  HTR  THERMO  3YPS 

TM/MISS  ADAPT  HTR  THERMO  ENA 

MSS  INTER  FRI  HTR  EN 

MSS  INTER  PRI  HTR  DIS 

MSS  INTER  RED  HTR  EN 

MSS  INTER  RED  HTR  DIS 

MSS  INTER  HTR  THERMO  8YPS 

MSS  INTER  HTR  THERMO  EN 

W3  MOD  INTER  PRI  HTR  ENA 

UB  MOO  INTER  PRI  HTR  DIS 

UB  HOD  INTER  RED  HTR  EN 

U3  MOD  INTER  RED  HTR  DIS 

U3  HOD  INTER  HTR  THRMO  BYPS 

WB  HOD  INTER  HTR  THERMO  EN 

UPR  SUFP  STR  HTR  2A  PRI  EN 

UPR  SUPP  STR  HTR  2A  PRI  DIS 

UPR  SUPP  STR  HTR  2S  RED  EN  ' 

UPR'  SUPP  STR  HTR  23  RED  DIS 

UPR  SUPP  STR  HTR  2 THRM  BYPS 

UPR  SUPP  STR  HTR  2 THRMO  EN 

TM  SFEHLD  HTR  1 EN 

TM  SPEHLD  HTR  1 DIS 

TM  SFEHUO  HTR  2 EN 

TM  SFEHUD  HTR  2 DIS 

TH  SFEHLD  HTR  THRMO  BYPS 

TM  SFEHLD  HTR  THRMO  EN 

PYLO  HTR  8 PRI  EN 

PYLD  HTR  8 PRI  DIS 

PYUO  HTR  6 RED  EN 

PYLD  HTR  8 RED  DIS 

PYLO  THRM  8 BYPS 

PYLD  THRM  8 ENA 

S/C  HTR  1 EN 

S/C  HTR  1 DIS 

S/C  THRM  1 BYPS 

S/C  THRM  1 EN 

S/C  HTR  2 ENA 

S/C  HTR  2 DIS 

S/C  THRM  2 BYPS 

S/C  THRM  2 ENA 

S/C  HTR  3 ENA 

S/C  HTR  3 DIS 

S/C  THRM  3 BYPS 

S/C  THRM  3 ENA 

S/C  HTR  4 ENA  LSD-WPC-253 
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original  page  is 

OF  POOR  QUALITY 

SVS-10266 
31  December  1981 


Table  19.2-3.  Commands,  Thermal  Control  Subsystem  fCont'dl 


Mnemonic  RlU/Chaimal/Sarlal  Magnitude 

• (o/xx/rmxxxxxxxmxx) 

SCM4C1  3s.70:01001l0i011iCC0 
SCTHA3Y  .l47a«011UilC001110Cu 
SCTH*£:->I  3 -4  7001000110110111 03 
SCH5EN  0^700101011001011003 
SChSOl  0t70D11001101301 1000 
SCTH5BY  0'«70Qlliail000011GOQ 
SCTH5EJ  04701000Q11011101000 
SCH6EN  04701031011001101000 
SCH6DI  04701013011010101000 
SCTH6BY  34701011011000101000 
SCTH6EM  04701100011011001000 
lS2HT£:'1  3414 

EISIHTCIS  0425 
ESIHTEN  0-t40 
CS2HTDIS  0454 

*>T<HTEN  U470000111D001111110 
PTKHTDIS  0470001011001011111O 
RTKHTEN  34703111110000011113 
dTKHTCIS  04701000110011101110 
PLHTEN  34733011110000111110 
PLHTDIS  34700100110011011110 
UhTThBY  04700101110001011110 
l.^'TTHE^J  34700110110010011  110 
RLMHTEN  34701001110001101113 
RLMriTDIS  04701010110010101110 
TKHTTHBY  04731011110000101110 


PHTRAOON  0501 
KHTROf.  AM  3 502 
PAHTONMM  3503 
PL'riTOr.MM  0304 
PCHTOKMM  0505 
PDrfTONMH  -3506 
PSBTONMM  0507 
R AHTO.\MM  0 508 
R&HT0\MM  0309 
RCHTONMM  3510 
R'hTO.NMH  3311 
RSnTONMH  3512 
PhTREN  3315 
RhTRE''!  0314 
PmTRDIS  3561 
RhTRDIS  0562 
E^SMAhTR  0631 
EX  SB  YhTR^  0610 
EHSSHTRb'  06i'2 
HhTROM  0622 
ENUSAriTR  0623 
EfJU53‘4TR  0625 
Xftj3CHTR  0628 
ESU3CHTR  0630 


Description 


S/E  KTR  4 OIS 

S/C  THRM  4 3YPS 

S/C  THRM  4 ENA 

S/C  HTR  5 ENA 

S/C  HTR  5 CIS 

S/C  THRM  5 BYPS 

S/C  THRM  5 ENA 

S/C  HTR  6 ENA 

S/C  HTR  6 DIS 

S/C  THRM  6 BYPS 

S/C  THRM  6 ENA 

ESA  2 HTR  ENABLE 

ESA  1 HTR  DIS/LOGIC  DIS 

ESA  1 HTR  ENABLE 

ESA  2 HTR  DIS/LOGIC  DIS 

PH-IA  PRIM  TANK  HTR  ENA 

PM-IA  PRIM  TANK  HTR  DIS 

PM-IA  RED  TANK  HTR  ENA 

PH-lA  RED  tank  HTR  DIS  • 

PM-IA  PRIM  line  HTR  ENA 

PP-iA  PRIM  LINE  HTR  DIS 

PK-IA  LNE  HTR  THRMST  BYPS 

PM-IA  LNE  HTR  THRMST  ENA 

PM-IA  RED  LINE  HTR  ENA 

PM-IA  RED  LINE  HTR  DIS 

PM-IA  TANK  HTR  THRM  BYPS 

PRl  MTRS  ON  AUTO/MAN  OFT 

RED  HTRS  ON  AUTO/HAN  OFF 

REM  A PRI  HTR  ON  MAN  HDE 

REM  3 PRI  HTR  ON  MAN  MDE 

REM  C PRI  HTR  ON  HAN  HOE 

REM  D PRI  HTR  ON  MAN  HOE 

SHLF  PRI  HTRS  ON  MAN  HOE 

REM  A RED  HTR  ON  MAN  MDE 

REM  3 RED  HTR  ON  MAN  MOE 

REM  C RED  HTR  ON  HAN  HOE 

REM  D RED  HTR  ON  MAN  MDE 

SHLF  RED  HTRS  ON  HAN  MOE 

ENA  PRIM  HTR  BUS 

ENA  RED  HTR  BUS 

OIS  PRIM  HTR  BUS 

DIS  RED  HTR  BUS 

TM  SHA  HTR  enable 

TM  EXT  ST3Y  HTR  ENA 

MSS  INTFC  HTR  .3  ENA 

HINGE  HTRS  ON 

ENA  UP  SUPP  STR  3A  HTR 

ENA  UP  SUPP  STR  38  HTR 

SLT  BUS  A FOR  STR  3C  HTR 

ENA  UP  SUPP  SYR  3C  HTR 


LSD-WPC-263 


19-16 


OF  POOR  QUAUIY 
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Table  19.2~3.  CoiamndSi  Thet^sal  Control  SubaystoQ  (Cont^d) 


DaacripLion 


Mnenonic  RlU/Chsnnal/Sarlal  M«snituda 

txx/xx/Kxxxmxxxxxxxxx) 

3-:oM4-T'l  v)336 
OXSat^'TR  J!j39 
DSuSCr^TR  3b«0 
0r*SSHTS3  3t><H 
0S3A6HTR  0i?0 
Xt^UJCMTR  3i37 
THSONOI'i  j702 
CT.-aoxTi  ono 

d.^HTRE'JA  3716 
TH^DN^MA  3736 
CF^AOFf'  3 74A 
3cmTR.US  J7A6 

P^^'AC.NA  0 3711OOOO0QOOOO00COJ 
PSHAOIS  OsTlOlOOCOOOOOOOCOOd 
NF«AENA  03710010000000000000 
MbMAClS  33710001000000000000 
ISOUUNA  0871  30001  00000000000 
tNAtSTC  0371^000010030000000 
017ISTC  33710000C01000000300 
BFHTfieNA  33720  30  1 0000  00000  000 
3FMTR3U  03730000iu000000a000 
aFHTROlS  03720000010000000000 
CiOUTi  NA  33723  303C.ni0QCQC3C0u 
ENACShTR  33723000003100000000 
DlSCSrtTK  j372 3 3 00 00 301000 0303 
PROHEN  3'^71C300CP00001  00  103 
PR.H'^rs  3 771  3 300C  30  0 1 0 1 0 1 103 
fXFTRfM  3 971 3 3000  COO  0 00  1 30  1 3 
PHMT8D1S  0^710000000013011010 
P WOMEN  09713000000001010110 

PWEhDIS  39713000000011011110 
RSC-HCN  0 97100000  0 0 0 01013301 
RRGHD13  09713300300011011001 
RXHTRfN  0971PCOCCCC001000101 
ftXHTROlS  397i:.OOCOOOOllOOUOl 
R '»  ;=  H T ■:  N 3 9 7 I 3 3 3 0 0 0 C 0 Q 1 0 n 3 1 I 
8 WO  MO  IS  :''71C003000010101G11 
PRGHEN  '3?72000000a000100100 
PKGHOIS  39723000300010101100 
PXH TRLN  C»7? 3 000030000010313 
PXHTRriS  09720000030010011313 
p -2  OMEN  3 9 77  3 000000001010110 
PWOMOIS  39720000000011011110 
RRT.HfN  99723000000Q010  1 000  1 
P.R;,H2IS  3972  3 03003001101  1 301 
RVhTRIN  19723003C00001000101 
RXhTROIS  0972 3 000  U 0001  1001  101 
R U 9 H T r \ 0 3 7 2 3 3 0 0 0 0 0 0 0 9 1 0 3 3 1 1 

R2:-H01S  3 >72  3 000  3 30013101011 


TM  SMA  mTR  DI5A9LE 
TM  EXT  ST8Y  HTR  OIS 
DIS  UP  SUFP  STR  5C  HtR 
MSS  INTERFC  HTR  B DISABLE 
OIS  UP  SUPP  STR  3A/2B  HTR 
SLT  BUS  B FOR  STR  oC  HTR 
THRM  SHTDWN  OIS 
CFPA  HTR  CTU  ON/Tl  SLT/TLM  ON 
BLKBDt  HTR  CTL  ON/TI  SLT 
THRH  SHTDWN  ENA 
CFPA  HTR  CTL  OFF 
BLRBDY  HTR  CTL  OFF/BK-JO  OFF 
SCAN  MIR  ASSY  ♦?  HTR  CTLR  ON 

SCAN  MIR  ASSY  ♦Z  HTR  CTLR  OFF 

SCAN  MIR  ASSY  -Z  HTR  CTLR  ON 

SCN  MR  ASY  -»Z  HTR  CTLR  OFF 
COOLR  INT  STG  OCAS  HTR  EN 
COOLS  INT  srC.  HTR  CTLR  ON 
COOLS  INT  STG  HTR  CTLR  OF'‘/'HTR 
9FL  HTR  CTHLR  ON  • 

B!‘L  HTR  0KUP  ON 

BFL  HTR  CTRLR  OFF/fiKUP  OFF 

C STG  OCAS  HTR  ENA 

C STG  HTR  CTRLR  ON/TLM  ON 

C STG  HTR  CTRLR  0FFF03AS  HTR  DIS 

ORI  REC/GDA  HTRS  ENA 

PRl  RFC/GDA  HTRS  OIS 

PR  I *-M  TUTA  HTRS  ENA 

PRI  X-"  TWTA  HTRS  DIS 

PRI  WP  MQD  HTRS  ENA 

PRI  WP  MC  HTRS  OIS 

RED  RFC/GDA  HTRS  ENA 

RED  RFC/GOA  HTRS  OIS 

RE'^  K-9  TWTA  HTRS  ENA 

RED  X-P  HTK  DIS 

RED  UP  MOD  HTRS  ENA 

RED  WP  HC-  HTRS  DIS 

PRI  RF2/0DA  HTRS  ENA 

PS!  RFC/CCA  HTRS  DIS 

PR  I X-9  TWTA  HTRS  r V » 

PRI  X“:>  TWTA  HTRS  DIS 
PRI  U9  MOP  HTRS  ENA 
PRI  UP  MD  HTRS  DIS 

RED  RFC/GDA  hTRS  OTS 
RED  X-P  TWTA  HTRS  ENA 
REOX-PHTRDIS 
RE"  WP  MO  HTRS  ENA 

RED  UP  MOD  HTRS  OIS  LSP-W’20-263 
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Module, 

InatnuBsnc 
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Table  19.2-4.  Telemetry  Points,  Thermal  Control  Subsystem 


Hn^oalc 

Doscrlptlon 

Limit* 

BATT  1 THML  cu  STAT  A fiSST/^tT 

HTR  THHST  2 PYPASS  STAT  5 RSET/STT 

3TH1 .1^3 

dTd  Tm,“ST  1 BYPASS  STAT  3 RSET/SCT 

0 A U ■’  T d 3 

AUTO _MTR  ON/DFF  STAT  3 RSST/StT 

_oATT  2 ThML  Sd  STAT  A RSET/SFT 

^dJOT 

3ATT  3 temp  ^OSMAL/OVERL  IMIT 

=>8201 

2ATT  2 TEMP  normal/overlimit 

’310T 

?ATT  1 TEMP  N3RHAL/0VERL IMI T 

03312^4  . 

dATT  3 THML  Sd  STAT  A RStT/SET 

PdTAd^A 

_HT^  RELAY  DRVR  RIU  a”dISARM/ARM 

»o3T  S»'9 

•3ATT  3 THML  SU  STAT  9 PSET/SET 

d32TSWb 

dATT  2 THML  SU  STAT  b RSET/SET 

=>3  1 T SW6 

3ATT  1 THML  SU  STAT  R RSFT/SFT 

>Th2^PA 

•ITS  THMST  2 5Y“ASS  STAT  A RSFT/SET 

3Tdl38A 

HTR  THMST  1 BYPASS  STAT  A RSET/SFT 

pauhtra 

AUTO  H^TR  ON/CFF  STAT  A RSET/SET 

oht  Aiyia 

HTR  relay  DRVR  RIU  3 DISARM/ARM 

pT3aT1P 

5ATT  1 TEMP  PRI 

SU*7<3,16Atl3C.O 

PT3AT1R 

dATT  1 TEMP  RED 

3D«C 

PT0AT2P 

BATT  2 TE.MP  PRI 

68 t 7 9. 16 -,130*0 

PTBA  T23 

3ATT  2 TEMP  RED 

6t*7R,16«. 135,0 

PVPC'Jl 

-'CU  TEMP  I 

5r  ,5P,15«,1,hu.C 

PT3AT3P 

3ATT  3 TEMP  PRI 

6 8, 7 9. 1 6 H. Id 0,0 

•3TPCJ2 

FCU  TEMP  2 

55,53, 16-.lj0,n 

A>T6AT3S. 

3ATT  3 TEMP  RED 

6S,79,lb-,13C,C 

?TPC'J3 

PCU  TEMP  3 

55,58.163,130.0 

PT3^A 

?PA  TEMP 

5C, 56,16  9.130, 5 

^TSt'RU 

PRU  TEMP 

50,55,169,130,0 

r s A 

SCA  TEMP 

50,5H,16H,ldQ,0 

PTMrSl 

•'OD  TEMP  1 

5 .',55,169, 130,0 

’TMP32 

MOO  TEMP  2 

50,55,169,135.0 

3THPS3 

“00  TEMP  3 

30,58,169.130,0 

PTMP3‘» 

M3C  TEMP  A 

55,55,169,130.0 

=>■31  TS 

BATTERY  I TH  EW  E /O  STATUS 

=>d2T3 

BATTERY  2 Tri  SU  E/0'  STATUS 

-’.315 

dATTERY  3 TH  SU  E /O  STATUS 

=A JHIR 

AUTO  HEATER  OY/OFF  STATUS 

-’rm  3P 

hTR  1 THMST  3YPASS  STATUS 

- r>-  jdP 

HTR  2 THMST  BYPASS  STATUS 

*Rad  tow,  Yellow  Low,  Yellow  High.  Red  High,  Delta 
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Table  19.2-4.  Telemetry  Points,  Thermal  Control 

Subsystem, 

Module , 

Instrument  Jfaemonic  Description 


Subsystem  (Cont'd) 

Limit* 


,'RXTvJTAm 


heaters  RESUMOANT  RFC/GO&  ON/OFF 

heaters  redundant  x-band  twta  ON' /off 

HEATERS  REO'JNOANT  WBM  (PSD  & GOE)  ON/ 


*TR 


*RELM0TT 

GOA 

,P AZMOTT 

GD  A 

wnrfeedt 

RFC 

WKUOIPT 

RFC 

WSP AREIT 

RFC 

;PKTWT-3T 

RFC 

WA  TF  ST 

RFC 

W3^A^STT 

RFC 

.,'KUPCONT 

RFC 

MTFEEDT 

RFC 

WSP4RE2T 

RFC 

WRKTaTPT 

RFC 

WTWTSIDT 

W3M 

W< jNCONT 

RFC 

.iPXCOVT 

WBM 

WATRCVRT 

WS'I 

wpsupyt 

JSM 

WPXTWTAT 

W3M 

WPZFNLT 

W3M 

WKFST 

WBM 

WXFST 

W3M 

WPSUMXT 

W3M 

WGDET 

W3M 

..-RXTwTAT 

WBM 

WPSKMODT 

WBM 

WKTWTAT 

RFC 

W P E L M 0 T T 

GDA 

<R  AZMOTT 

GDA 

WRI  J -.'AT 

R lU 

WRI'JpST 

R :u 

'JIE'JTMP 

EU 

N 1 T JTMP 

TU 

■J2TLIT'J!C’ 


KU-TWTA  BASEPLATE  TEMP  PRIME 
AUTOTRACK  FREG  SOURCE  TEMP 
PANEL  tC-DA  MOUNT)  TEMP 
KU  UPCONVERTER  TEMP 
KU  AUTOTRACK  FEED  ASSY  TEMd 
coaoe;  temp  2 

KU-TdTA  BASEPLATE  TEM.R  RED 
X-TWTA  SICE  TEMP 
KU  OOWNCONVERTER  TE.M» 

COVER  TEMP 
AUTOTRACK  RCVR  TEMP 
PSU  TEMP  (^-Y  PANEL) 

X-TWTA  BASEPLATE  TE*^P  PRIME 
*Z  PANEL  TEMP 
KU  FREG  SOURCE  TEMP 
X-3AND  FREG  SOURCE  TEMP 
PSU  TEMP  (-X  PANEL) 

GIMBAL  DRIVE  ELECTRONICS  TEMP 
X-TWTA  =!ASE?LATE  TE^R  RED 
UQPSK  ■MODULATOR  TEMP 
KU-TUTA  SIDE  TEMP 
ELEVATION  MOTOR  TEMP  PRIME 
AZIMUTH  .MOTOR  TEMP  REDUNDANT 
0?A  TEMP 
G .’D  TEMP 


EJ  TEMPERATURE 
TU  TEMPERATURE 


d?ut"mp  dpu  temp 


*Red  Low,  Yellow  Low,  Yellow  High,  Red  High,  Delta 
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Table  19.2-4.  Telemetry  Points,  Thermal  Control  Subaystem  (Cont'd) 

Subsystem, 

Module , 

Instrument  Mnemonic  Description  Limit* 


TM 

SM  A 

HTR  PWR  ENA/DISA 

YYS-iTa 

MSS 

I/c 

3 liTR,  ENA/DISA 

YXS  T YUT 

TM 

"XT 

STAND3Y  -iTR  ENA/ 

U5S 

HTR 

3A  ENA/DISA 

r J3--1TR 

uss 

HTR 

33  ENA/DISA 

YHN.-rtTR 

HINGE  HEATERS  ON/OFF 

YU3CLUS 

USS 

HTP 

3C  PUS  A/BUS  B 

YU3GHTR 

USS 

HTR 

3C  ENA/DISA 

YTLGDIC 

?DU 

LOGIC  TEMP 

YTpo 

PDU 

PWR 

SUPPLY  TEMP 

■■•iCS 


ATR IHTA 

ACE 

A 

FHST  i 

HEATER  PWR  OFF/ON 

4TR_  -iTA 

ACE 

A 

FHST  2 

HEATER  PWR  OFF/ON 

A H T A 1 A 

ACE 

A 

HEATER 

lA 

POWER 

OFP/ON 

AHTRA15 

ACE 

A 

HEATEP 

13 

POWER 

OFF/ON 

AH  T R A2  A 

ACE 

A 

HEATER 

2A 

POWER 

OFF/ON 

A H T s 4 2 fi 

ACE 

A 

HEATER 

o G 
e; 

PObER 

GFF/3rg 

AHTR  A34 

ACE 

A 

HEATER 

3A 

POWER 

OFF/ON 

AH  T-<  A 3 ::: 

ACE 

A 

HEATE^ 

33 

POWER 

OFF/ON 

A T R 1 H T 3 

ACE 

B 

FHST  1 

HCpATER  POWtK  u»  » 

/ON 

A TR^'-iTB 

ACE 

3 

FHST  2 

heater  PO 

WER  OFF 

/O'l 

A H T -1  3 1 A 

ACE 

0 

HEATED 

lA 

POWER 

CFF/ON 

AHTR  alB 

ACE 

3 

HEATER 

A ^ 

P CW  E R 

OFF/ON 

A -!  T •<.  a 2 A 

ACE 

3 

hEATE= 

2A 

POWER 

CFF/ON 

A a T “ •=  2 3 

ACE 

3 

HEATE  R 

23 

POWER 

DFF/ON 

A n T \ 3 3 A 

ACE 

3 

HEATE'^ 

3A 

POWER 

C'FF/ON 

A ri  T R B 3 3 

ACE 

3 

HEATER 

33 

POWER 

GFF/ON 

A X vK  T L T M *' 

ROLL 

SRW  TE'‘P 

2 1 » ^ e • 

4YW-IwTM  = 

PIT 

CH 

SRW  TE 

MP 

.?  H , 4 F ( 

AZ  w-^lT''-' 

YAW 

SRW  TE«P 

? C'  » 4 R , 

» G 
, C 
. 0 


*Red  Low,  Tellow  Low,  Yellow  High,  Red  High,  Delta 


19-20 


Table  19.2-4 

Subsystam, 

Module , 

InatrumfflnC  Mnamonlc 

MACS  (t-w-r) 

A-5  4-'LTV“ 
AST.'i.UMP 
APSJTMP 
4FSSTMP 
An  I J.'TMP 
• AAt’.^CDT 
A3?^KC;T 
AbHCAlU  T 
ATJO-vlwT 
AIRJATMP 
A 1 ^Uii  TMP 
AlSjCTMr 
lISl'O^Tf 
AST  : TC'^F 
AST.'  T£«P 


OR!Gf:J."L  r.'\Gc  fG 
OF  FCOR  QUALITY 

SVS-10266 
31  Decaober  1981 

Teleisatry  Points,  Theraal  Control  Subsystem  (Cont'd) 


Description 


Limit* 


S>trJ  S«U  TC'*? 

optical  SEMCH  TCXP 
PSU  TE.MP 
FSS  TE-.P 
RIU  OC  K^P 

ACl  a POmEA  CONPITIONE.P  TE«P 
ACE  8 P-TUER  CONDITtCMCR  TERP 
SRU  DRIVE  ELECTRONICS  TEMP 
TORO  DRIVE  ELECTRONICS  TEMP 
IRU  channel  a TENP 
IRU  channel  3 TEHP 
IRU  CHANNEL  C TEMP 
OPTICAL  3ENCH  TEMP  (IRU) 

FHST  I TEMP 
FHST  : TEMP 


2 S • A 3 0 1 5 T , I s 3 . 0 

3i>«A.A«l5T*loO»0 

CHtAi<<l3T»ic>C«0 

C.i.'tS. 1ST, 133.0 
.''tj.AS.  157, 13C.? 
2«,A3,I5r,lSJ,0 
2:.. *3, 157. 130.0 


C. 15. .'20,. •’41, 0 
0.0,207,257,0 


MSS 


mTSOMHRu 
MTSC'IRCL 
M T s r " R C L 
Mrsc'iRHc 
mtmux 
MTRAJPS 
MTELCVH 
MTPPSl 
M T P P S J 
MTFI.iya; 
MTF  ; -OP.' 
jAPA  T 


SCAN  .MIRROR  REC.ULATCR  TEhp 
SCA.N  MIRRO.R  ELECTRONICS  TEMP 
SCAN  MIR.ROR  COIL  TEMP 
SCAN  mirror  HOUSING  TE"P 
MUX  TEHP 

rws  SUPPLY  TEMP  (RA2I0"ETER) 
ELECTRONICS  COVER  TEMP  (RADIOMETER) 
PRIMARY  POWER  SUPPLY  1 TEK® 
primary  power  supply  2 TEM° 

1 8CR  OPTICS  TE«P  1 
F'.E'ER  OPTICS  TEMP  2 
X«TR  a power  amp  TE“P 


S.’PAI 

XMTS  8 

POWER  amp  t E .Mp 

EE  SI  TMF 

"‘eSA~ 

lEMPtRATURE 

EES2  IMP 

ESA-D 

Temperature 

EES  ! .ITMP 

ES  A-l 

HOLOMETER  TE“PERATURE 

E £ S 2 T M P 

ESA-D 

EOLOMrT^i}  TEMt'CR  A T JR  •: 

51*5I.25o*25b*0 
0 1 , 5 1 . 2 5 j . 2 is , C 
2 V . 2 4 . ,Vo  » 2 i s , 0 
n 7 , 6 7 , 2 1 » 2 2 ® * 0 
■5l,6I.2i‘’,2ie.(l 

l7. t>7. 23  > .253,0 
^7,^,7, 253.22  3,0 
c.7,b7,2i3,25b,0 
3’,b7,23s.2iM,C' 
3., SA  .253,253, 0 
PA,  3 4. 25 3. 23b, 0 


ITS 


star  TRACx  TEM®  0414 


j.>  T : r 
0 s r ' r 


temp  data  frcm  star  track  I 
TEMP  data  "^RCM  star  track  2 


*Red  Lw,  Vellow  Low,  Yellow  High,  Rod  High.  Pelts 
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Table  19.2-4.  Telemetry  Points,  Thermal  Control  Subsystem  (Cont'd) 


Swbaystsra, 

Module , ' 

InstruBsant  Mnemonic 


Description 


Limit* 


:ht>is;d  ncir-^  i cyj/oi;* 

n\»o  TC^P 

:ru\TMo  STACC  cu  a tc><p 

ecu  i tMo  ST4CC  CU  B ICMA' 

CPCJTMO  PCD  TCMP 

CTUJA  AlU  01  A TC“P 

CTSIJB  • eiU  31  B Tt"P 

CT-UUAB  SIU  01  A/P  t^TCBSPACC  TfMP 

CTSTVTA  STtM  A 1C“P 

ct?;t\tb  sumt  p tem" 

crx'vp  MOCULE  TEMP  BETWEEN  APNEAS  ASP 

CTA..1.'  TEMP  NEAA  NTS  A61P  THHS’AT 

CTA.'.I  MOCULC  temp  NCAS  HTA  A:-11  TPMSTAT 

CTM:.'*0J  Mf.u  0«,'  INTffiSPACC  TfMP 

CTX  'AXO  XPNEA  A TCXO  TE^'P 

:T\''4PA  XPNOS  a P0WE4  A“P  TEMP 

CT\-','>X0  xp\rs  B TCXC  Tt”P 

CTv-’JPA  XP\rS  P POWCK  A«p  Tfup 

CTEX.'SC  IXT  oscillator  CASf  TC''p 

.‘TX  r.  VT  CSC  OVEN  TE '*P' 


ica.io;*.' 
o ‘..-“i.l  *, 
f,  « , S o , ; c ' 

icc.iac,; 

I C C 1 1 E C I c 
U' : . : c ? . c 
ICC.  ICCt 

S'i.po.cc-' 

ICC.IPC.C 
.'CtK'C*C 
U' . I 3 C • -• 
1 C , I 0 C . C 
.'.'•.'O.U.'- 
C 1 . 3 . 1 3 . 
' 3 . 3 ; , : 1 


C C > » C ’3  B ♦ j 
C.l  1C..1 
C , 1 AC  f 3 
csts*c3N»a 

C E & t C C & • 3 
C V !>  • C 3 S * 0 
3i'S*C3^>*C 
' • 3 3 cj  • 3 
'.C  3^.  3 
.'.'S.rOft.c 
vcs.ccbf : 


^ » C 3 .s  • 3 
.113.3 
. U 3 . C 
. U 3 . C 
. 1 1 3 » C 

« n c . 0 


OSSIABTR  uss  HEATER  1 A ENA/OISA 

uSSkSHlR  USS  hEATES  I B CNA/PISA 

uSS’.ThT  JSS  heater  I thermostat  PYPASS/'NA 

JS.'HIRA  PAS)  RAC  FR;m4Rv  mTK  ENA/OISA 

USB-.TRB  CASH  RAO  REEUNCANT  HTR  ENA/OISA 

JS’T-.I  CASE  KAO  HTR  T H ■;  R '<0  S T A T PYPASS/EN-' 

0IM''Ah.V  Tm/vj  >r;m4sy  >iTR  E\A/riRA 

R'  OUNOANt  HTR  ENA/OIRA 
jTHIATh  T.M/NA  HIR  THERMOSTAT  BYPASS/ENA 

JHSA'TA  MS5  I/c  s PRIMARY  hTR  ENA/OISA 

UMSA-T-i  MSS  t/E  A RVOUNOANT  hTR  ENA/OISA 

JHSATHT  MSS  J /F  A HTR  TsER“OSTAI  BYPASR/EN' 

,U''.rSA  aO  .v,.i  )/F  ^SIMJSV  mtR  ENA'OIRA 
J.'.-rRB  '*00  I/f  REOUNOANT  MTR  EVA/OIRA 

.0  ”00  1/E  her  ImirmoST-'T  SYpass/E^ 
O.-vJ'A'-rS  JSS  HEATER  A iNA/OlSA 

JSS  heater  H ENA.'dS’. 

0.  ss’>.  ' JSS  h!'AT:IR  TH:RMOSi-lI  5 Y p A S S / ; N A 
jT'i-.Rl  TM  SA‘;hOLO  hTA  I ENA.'OISA 

.iT't-'R'  tm  SAEThOLC  Mis  (\4/E1S4 

<T  TM  S/M  mTR  thermostat  :i  pass /E  V a 

F AY  1.0  A.'  HTR  H PRJMARY  Ef.A'''!S4 
,,E_  ■ -hT  ; •■•AYlOA.'  hIR  m R:0UN'0AN1  ENA/;  lR.'. 
*Red  Low,  A'ollow  Low,  Yellow  IUrN,  Rad  BlRh,  IVlta 


L.sn-wrc-2{’.i 
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Table  19.2-4.  Telemetry  Points,  Thermal  Control  Subsystem  (Cont'd) 


Subsystem, 

Module, 

Instrument  Mnemonic 


5:cu  . 


J^u.TnT 
JSC-iTRl 
•J3C1THT 
USCnT!<2 
'JSCITHT 
JSCHTR5 
JSC  5THT 
JSCnTR<* 
.'3CRTHT 
USCnTRo 
JSCtiTHT 
USCHTR6 
USCoTHT 
JHTSAlD 
JTHTA3C 
UHTRdEU 
'JTrir  J3E 

Jtsccu 

JTiMMS 

JT2MHS 

JT3KMS 

JTA'If'S 

JT5MMS 

UTRIJA 

JTRIJ3 


Description 

PAruOAO  HTK  d TrtERMOSTil  BYPASS/ENA 
S/C  HEATER  1 EN4/DISA 

THERMOSTAT  3YPASS/EMA 
ENA/DISA 

THERMOSTAT  BYPASS/ENA 
S/C  HEATER  J EiJA/DISA 
S/C  HEATER  3 THERMOSTAT  3YFAS.S/ENA 

4 ENA/OISA 

A THERMOSTAT  3YPASS/ENA 

5 ENA/DISA 

3 THERMOSTAT  3YPASS/ENA 
S ENA/OISA 

3 THERMOSTAT  BYPASS/ENA 
SC  S CU  HEATER  A ENABLED/OISABLEO 
SC  S.  CU  THERMOSTAT  A BYPASSEO/E'.'ABLED 
& CU  HEATER  8 ENABLED/OISABLEO 
i CU  THERMOSTAT  B BYPASSED/ENABLED 
i CU  TEMPERATURE 


S/C  HEATER 
S/C  HEATER 
S/C  HEATER 


S/C  HEATER 
S/C  HEATER 
S/C  HEATER 
S/C  HEATER 
3/C  HEATER 
S/C  HEATER 


SC 

SC 


SC 

SPACECRAFT  STRUCTURE  TEMP 
SPACECRAFT  STRUCTURE  TEMP 
SPACECRAFT  STRUCTURE  TEMP 
SPACECRAFT  STRUCTURE  TCPP 
SPACECRAFT  STRUCTURE  TEMP 
SPACECRAFT  STRUCTURE  TEMP 
RIU  3AA  TEMPERATURE 
RIU  045  TEMPERATURE 


Limit* 


i:2»ir.2,P':6,206»0 
Eb»6fi»133«li:>i0 
Ei-v6e*135«135.0 
RE. 6S«13^. 135.0 
se.Co.lSC. 15.2.0 
33. 152.132*0 
i S f bb.l 52.132 . 0 
i:2~.i:2'»2CS. 205.0 
102,102,205.205,? 


*Red  Low,  Yellow  Low,  Yellow  High,  Red  High,  Delta 
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Table  19.2-4.  Telemetry  Points,  Thermal  Control  Subsystem  (Cont  i) 

Subsystem, 

Module, 

Icstnmient  Mnemonic  Description  Limit* 


ZR'^APRHT  f?Ei«  A Pmf«A'<Y  HEATER  ON/OFF 
ZR--|-?R'n  ’ RCM  3 PRIMAF.V  HEATER  ON/OFF 

ZRHCPRrtT  «EH  C PRIMARY  HEATER  ON/OFF 

zrmzprht  Reh  d primary  heater  OM/OFF 

ZSHFpRnT  SHELF  PRIMARY  HEATERS  ON/OFF 

2RMA3UHT  REM  A REDUNDANT  HEATER  ON/OFF 

2RM33UHT  RcM  B REDUNDANT  HEATER  ON/OFF 

2RMC3UHT  REH  C REDUNDANT  HEATER  ON/OFF 

2RM93UHT  reh  0 REDUNDANT  HEATER  ON/OFF 

ZSHF3UHT  shelf  redundant  HEATERS  ON/OFF 

2TRMA1A3  REM  A TEMP  1 (PHE-A5 
2TP.MA2AA  REM  A TEMP  2 (PHE-A) 

2TRMB133  REM  B TEMP  1 (PME-A) 

2TRM223A  REM  B TEMP  2 (PME-A) 

2TRMC1C3  reh  C TEMP  1 (PME-A> 

2TRMC2C'i  REM  C TEMP  2 (PHE-A) 

2Tn-'.DlD.3.  REM  0 TEMP  1 tPHE-A) 

2TRM02D't  REH  D TEMP  2 (PHE-A) 

2TT4NK1  tank  1 TEMP 
2TTANK2.  tank  2 TEH=> 

2TTt\K3  tank  3 TEMP 
2TLV1LVA  L/V  1 TEMP  (PHE-A) 

2TLV3LV5.  L/V  2 TEMP  (PME-A) 

2TLV3LVC,  L/V  3 TEMP  (PME-A) 

2T3."CTR  . SEAM  TEMP  CENTER  (PHE-A) 

ZT3MSMAE  BEAM  TEMP  REM  A (PHE-A) 

ZHTRjJS  PRI/PEDUNO  HTP.  5US  ENA/DISA 
2PRTKHT  PM-IA  PRI  TANK  HTR  ENA/DISA 
2PRLNHT  PM-IA  PRI  LINE  nTR  ENA/DISA 
ZPRLNTH  PM-IA  PRI  LINE  HTR  THHSTAT  BYP/E%a 
23UTKHT  PH-IA  RED  TANK  HTR  ENA/DISA 
Z3ULNHT  PM-IA  RED  LINE  HTR  ENA/CISA 
Z3JLNTH  PM-IA  RED  LINE  HTR  THHSTAT  3YP/ESil& 
ZTIATNK  PM-IA  TANK  TEMPERATURE 
2T1AFJL  PM-IA  FUEL  TEHOERATURE 
ZXIALIN  PM-IA  LINE  TEMPERATURE 


RTRIUS  RIU  06  TEMP 
RTRIjT  RIU  C7  TEMP 
RTRiUo  RIJ  08  TEMP 
RTADi  ADS  TEMP 


17»3o ;22h»23J«0 
17  »3S»22‘**233  tO 

17s36?22'(«23-050 
17»3b9224,23C ,0 
17f36922M,23C90 

17.56922492.50.0 
13930,76, 76»u 
109lC,7a,7£ ,3 

234, ?34y'255, 25590 

254.234.2559255.0 

7, 10, 15,70, a 

06.93.204.216.0 


6 S » 7 6 » 204 ,216,0 


*Ked  Low,  Yellow  Low,  Yellow  High,  Red  High,  Oc’.ta 
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Table  19.2-4.  Telemetry  Points,  Thermal  Control  Subsystem  (Cont'd) 

Subsystem, 

Module, 

Instrtiment  Mnemonic  Description  Limit* 

T ^ 


.iTTMAFl 

TM 

ATTACH 

fit  TING 

NO. 

1 

TEMP 

QTTMAFJ 

TM 

attach 

FITTING 

NO. 

2 

TEMP 

ITT.-^AF  3 

TM 

attach 

FITTING 

NO* 

3 

TE'*P 

JTT«AFA 

TM 

attach 

- ITTING 

\C* 

4 

TEMP 

A?CX  FITTI!^jG  r^O,  1 TEM'^ 

jT4^/F;  apex  FITTIAiG-  NO.  2 TEM» 

lTA?<Fi  APEX  fitting  NO.  3 TEM® 

:jT?DUI3  °DU  s^TG  panel  «IN30ARD)  T£VP 

iTPjJOB  MT3  PANEL  (TCP  0UT3CAR0)  TEmo 

■JTRIJ5I  ■<rJ  06  NIOUNTTNG  PANEL  (IN30ARD)  TE'^P 


:,TiU  J60 
OTRFCFD 
OTEOPPl  , 
iTE..PP? 

5 T E 0 .N  A 
ITEOP.N: 
i T E j r"  N 6 
5TS.EXF1 
jTS3xP2 
OTY  f “CriC 
0 T C * J 5 1 
< T C j'  5 3 ? 
0TF4DPL 
jTdJPYO 
IT  H G E M T 
j T H 5 o '«  1 
.TM>SW2 
.Tu:-pyH 
.,TL  '-'Wril 
JTG-S  TP 
:»TP03Y.< 
JTNEGYK 
:T3LF1 
GTdLr ? 

:j  Tl  J ^ *'H 
T U ■■  I F 
.TA- TYl 
,TAARY2 
UTA-^  ■■TYi 
IT  A A E Y 


RIU  06  MOUNTING  PANEL  (O'JT-OOARD)  TEMP 
RF  GOHBINER  PANEL  (OUTBOARD)  TEMP 
E-3'JIP  MTG  PNL  1 TEMP  ( + Y> 

EQUIP  MTG  PNL  2 TEMP  <+Y) 

EQUIP  MTG  PNL  3 TEMP  (+Y) 

EQUIP  MTG  PNL  ' TEMP  (-Y) 

EQUIP  MTG  PNL  b TEMP  <-Y> 

EQUIP  .MTG  PNL  b TEMP  (~YS 
3-9AND  XMTR  PNL  NO,  1 TEMP 
S-BANO  XMTR  PNL  NO.  2 TE.MP 
-Y  3ULKHEAO  TEMP 

CLOSING  WEB  <Wr3  MODULE)  NO.  1 TEMP 
CLOSING  *E3  (W8  MODULE)  NO.  2 TEMP 
SAD  MOUNTING  PANEL  TEMP 
BOOM  JETTISON  PYRO  BRACKET  TEMP 
MSS  MOUNT  temp 

CLOSING  WE?  (MSS  SENSOR)  NO.  1 TEM= 
CLOSING  WEb  «MSS  SENSOR)  NO.  2 TEMP 
BOOK  U?°£R  PWR  hinge  LOWER  HALF 
BOOM  RGOT  PWR  HINGE  LOWER  HALF 

GPS  amplifier  temp 
-Y  keel  structure  temp 
-Y  keel  structure  temp 

BOOM  LATCHDOUN  FITTING  TEMP  NO.  1 
BOOH  LATCHDOWN  FITTING  TEMP  NO.  2 
BOOM  FOOT  Pw’R  HINGE  UP  = ER  HALF 
UPPER  BOOM  AT  GDA  I/F 
ARRAY  TFMo  >jc,  1 
ARRAY  TEMP  NO.  2 
ARRAY-  TEMP  NO.  3 
ARRAY  TEMP  ,NO, 


*Red  Low,  Yellow  Low,  Yellow  High,  Ked  High,  Delta 


LS0-WPC-263 
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OF  POOR  QUALITY 


Table  19.2-4.  Telematry  Points,  Thenoal  Control 


Sobsystea, 

Modul® , 

Xnstruis^nt  (!n®moal.c 


Description 

TdBT  3L4CKJ00Y  Ti  HP!:  TyR  p 

TS!Ft>T  SILICON  FOCAL  PLANE  TEHo 
TCALST  CAL  SHUTTER  TEHP 

t3u:t  back-up  shutter  temp 

TCSCT  COLO  STAGE  TEHP  A (COLDS 

TCSriT  COLO  STAGE  TEMP  B (HOT) 

TISCT  INTEMEOIATE  STAGE  TEMP  A 

TISHT  INTEMEOIATE  STAGE  TEMP  8 

TCFPACT  COLO  FOCAL  PLANE  ASSY  CNTRL  TEH? 

tbafft  baffle  tehp 

tcffamt  cold  focal  plane  array  monitor  tehp 
taohat  ahb  odd  preamp  temp 

TCPA T COLD  PREAMP  TEMP 

trot  relay  optics  temp 

tpst  pwr  supp  temp 

T3GPAT  sand  o post  A»*P  TEMP 
THUXET  MULTIPLEXER  ELEC  TEMP 
TM'JXPST  MULTIPLEXER  PUR  SUPP  TEMP 

;lm-'’0kt  cal  lamp  driver  temp 
tpht  pri  mirror  temp 

rPMMT  PRI  MIRROR  MASK  TEMP 
rSMT  SreONOARY  mirror  temp 
TSHMT  secondary  MIRROR  MASK  TEMP 
TAEPAT  A.MB  EVEN  PRE-AMP  TEMP 
TTHT  TELESCOPE  HOUSING  TEHP 
TT3’T  telescope  BASEPLATE  TEMo 
TCAUSHT  cal  SHUTTER  HU3  TEMP 

tounsmt  sha  housing  temp 

TJPSMT  SMA  -z  HOUSING  TEMP 
T3AMT  SCAN  angle  MONITOR  TEMP 

rsMi.T  SHA  elcc  temp 

TFUjSMT  SMA  *X  flex  PIVOT  TEMP 
TAFTSMT  RMA  -K  flex  pivot  TEHP 
TSST  '"SHIELD  TEHP 

rSLCT  TEHP 

TLMPFT  C.  AMP  filter  TEMP 
rCAST  COOLER  AMP  STAGE  TEMP 
ICO!  COOLER  ODOR  TEMP 
TRFINT  ♦Y  RAOIAVO^  fin  TEMP 

oOSv-OVNT  OSCILLATOR  OVEN  TEMp 
OOSC.'AIT  AXITRyAl^OSC  CARE  'temp 

..Al:  /XOT  R/PA  analog  module  temp 
Gpr:av-:  EX.ERNAL  preamp  temp 


*Rat!  Low,  Yellow  Low,  Yellow  High.  Rod  High,  Dolts 


SVS-10266 
31  December  1981 

Subayste  (Cont'd) 


Limit* 

«P»An,22b.Z26tO 
13«10.25A.2SA»0 
AtR,227,227,3 
A.A,227»2?7«3 
0,0,213*213.0 
; X.1,1P5,1M5»0 
i OtOv^jOv^oOvO 

I 1,1,209,209,0 
0,0,250,2E0,C 

I 19,19,299,299,0 

3.0. 250.2«0»0 
D7,57,292,2.,2,0 
9G,96,25*i,2S9,0 

96.96.292.292.0 
68,68,292-292,0 

63.68.292.292.0 
*7,27, 166, lo6,0 

' 27,27,166,166,0 

68.66.292 .292. 0 

128.138.233.233.0 
128, t 08,233,233,0 

108. 108. 233.233.0 
1 128,108,233,233,0 
! 57,57,242,292,0 

108.108.233.233.0 

103.108.233.233.0 

138.108.292.292.0 
■■BM,68t  194,199,0 

68,68,19*i,1h9,3 
■j6, 56,226. 226,0 
'•6.56.228,228,0 
66,63, 19«,19«,  0 
&£, 68,19°, 199.0 
51^  ,56, 189,189,0 
68,68,1 9°. 19°,  0 
2°, 29,299.239.0 
■)6,  56, 259, 254,0 

3.,  ,5  a, 259,259,0 

37. 37.25 9.259.0 


6 2, 60, a7, 67,0 
:•  ’,6  0,17'  . I 75 ,0 

.••  . ,80 , 1 7-.: . I 75 . 3 
2 , e 2 , 1 7 : , 1 7 . 0 


lsd-otc-263 
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SECTION  20.0  31  December  1981 


SOLAR  ARRAY  RETRACTION,  DEPLOYHENT,  AND  JETTISON  ASSSJfflLY  (SASDJA) 

20A  FUI^CTTONAL  DESCRIPTION 

The  major  items  of  the  SARDJA  are  as  follows; 

1.  Solar  Array  Wing  Assembly  Installation 

2.  Ordnance  Activated  Device 

3.  Solar  Array  Wing  Assembly 

a.  Solar  Panel  Retention  Assembly 

b.  Solar  Array  Hinge  Assembly 

c.  Sync  Cable  Assembly  and  Installation 

d.  Solar  Array  Jettison  Assembly 

e.  Power  Hinge  Assembly 

f.  Power  Hinge  Module 

See  Figure  20.1-1  for  location  of  solar  array  related  Fsschanisms,  and  Table 
20.1-1  for  a list  of  SARDJA  functions. 

20.1.1  MECHANICAL 

The  SARDJA  Interfaces  mechanically  with  the  Instrument  Module  (IM)  structure, 
the  Solar  Array  Drive  and  Power  Transfer  Assembly  (SADAPTA),  and  the  solar  array 
panels . 
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Table  20.1-1.  SASDJA  Functions 


Function 

Perforosed  By 

Interface 

RETAIN  Solar  Array  to 
Instrument  Module  structure 
in  stowed  configuration 
within  launch  vehicle 
fsdrlng  dynamic  envelope 

Separation 
Nuts  & 
Bolts 

Instrument 

Module 

Structure 

RELEASE  Solar  Array 
from  Instrument  Module 
structure 

bed's 

Signal 

Conditioning 
& Control  Unit 

DEPLOY  Solar  Array  to 
and  RETAIN  in  orbital 
operating  position 

Hinges 
Springs 
Sync  Cables 

Power 

Distribution 

Unit 

Power  Hinge 

JETTISON  Solar  Array 
by  mechanical  and 
electrical  separation 

bed's 

Separation 
Nut 
V Band 

Signal 

Conditioning 
& Control  Unit 

Elect  Discon 

Spring 
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20.1.2  ELECTRICAL 

The  SARDJA  interfaces  electrically  with:  1)  the  Signal  Conditioning  and  Control 

Unit  (SC&CD)  in  the  MMS  (which  provides  power  to  energize  the  separation  nuts) 
and  2)  the  Power  Distribution  Unit  (PDU)  which  provides  power  and  controls  the 
power  hinge  for  deployment,  and  3)  the  SADAPTA  (through  which  all  electrical 
Interface  circuits  pass). 

20.2  PERFORMANCE  CAPABILITIES 

20.2.1  RETENTION 

The  SARDJA  retains  the  Solar  Array  Wing  Assembly  to  the  IM  structure  in  the 
stowed  position  with  separation  nuts  and  bolts  at  four  places. 

20.2.2  RELEASE 

Activation  of  the  EED  (separation  nut)  retention  devices  does  not  generate 
mechanical  debris  nor  does  it  emit  gaseous  products  of  combustion.  An  enclosed 
gas  driven  piston  spreads  a segmented  captive  nut,  thereby  allowing  release  of 
the  solar  array  panels.  The  retention  device  has  been  designed  to  mini.iaize  the 
shock  imparted  to  the  spacecraft  at  release  of  the  solar  array  panels. 

20.2.3  DEPLOYMENT 

20.2.3.1  Control 


Deployment  is  effected  by  the  continuous  application  of  electrical  power  from 
the  PDU  to  either  motor  of  the  power  hinge. 

20.2.3.2  Stops 

Position  stops  are  provided  at  each  hinge  axis  of  rotation  to  limit  panel 
travel.  Each  stop  is  capable  of  surviving  the  resultant  forces  without 
permanent  deformation  as  the  array  panels  reach  the  deployed  position.  Two 
switches  indicate  when  the  Power  Module  hinge  line  has  reached  the  stop  position 
and  then  a pulse  count  is  begun.  After  2048  pulses  by  the  PDU,  electrical  power 
to  the  Power  Hinge  motor  is  terminated. 

20.2.3.3  Preload 


In  the  deployed  position,  the  Power  Hinge  stops  are  maintained  in  contact  by  a 
minimum  hinge  line  torque  of  100  in-lb.  All  other  stops  are  maintained  i i 
contact  by  a minimum  hinge  line  moment  of  20  In-lb. 
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20.2.3.4  Synchronization 

All  panel  hinge  motions  ere  synchronized  and  controlled  by  passive  mechanical 
devices  so  as  to  preclude  any  possibility  of  the  array  striking  the  spacecraft 
during  deploynwint. 

20.2.3.5  Deployment  Torque 

Deployment  torque  at  each  hinge  line  is  supplied  redundantly.  Multiple  torsion 
springs  apply  torque  directly  to  the  outboard  panels,  and  the  Power  Hinge  is 
capable  of  supplying  the  required  torque  to  the  Hinge  Lines  through  the 
synchronisation  devices.  Delivered  torque  is  a minimum  of  two  times  the 
budgeted  friction  torque  which  the  Power  Hinge  is  required  to  overcome  at  each 
hinge  line. 

20.2.3.6  Rate  Control 


Power  Hinge  Motor  speed  combined  with  synchronisation  Is  used  to  control  the 
deployment  rata  and  to  satisfy  deployment  time  requirements  (paragraph 
20.2.3.7). 

20.2.3.7  Deployment  Time 

The  elapsed  time  from  application  of  power  from  the  PDU  until  all  panels  are 
deployed  against  their  stops  does  not  exceed  20  minutes  over  the  planned  range 
of  operating  temperatures  in  a vacuum  environment. 

20.2.4  JETTISON 


20.2.4.1  Solar  Array  Separation 

Mechanical  and  electrical  separation  of  the  Solar  Array  from  the  spacecraft  are 
Initiated  by  means  of  an  EED  at  the  separation  plane. 

20.2.4.2  Solar  Array  Jettison 

Coincident  with  separation,  the  solar  array  Is  jettisoned  from  the  spacecraft  at 
a mlnitnum  velocity  of  1.0  ft/sec.  The  Jettison  force,  provided  by  a compressed 
spring,  la  designed  to  sinlialze  tumbling  of  the  array  (i.e.,  force  vector  Is 
thru  the  CG  of  the  Solar  Array)  as  If  separates  from  the  spacecraft. 

20.3  MODES  OF  OPERATION 


Launch  Mode 
Orbit  Mode 
Orbl t Mode 
Orbit  Mode 


SA  retained  (Stowed) 

SA  being  deployed  (Deployment) 

SA  deployed  (Operating) 

SA  Jettison:  SA  separated  from  spacecraft  at  lainlmutn 

velocity  of  1 ft/sec 


See  Figure  20.3-1  for  solar  array  deployment. 
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20.4  COHSTRAIKTS 

The  retention  release  firing  pulse  shall  be  applied  simultaneously  to 
diametrically  opposed  pairs  of  EED's.  The  second  pair  of  EED's  must  be  fired 
within  five  seconds  of  the  first  pair.  After  issuance  of  a firing  signal  to  a 
pair  of  EED's,  cartridges  must  fire  within  5 ms  of  one  another.  Each  separation 
nut  has  two  EED  cartridges  which  must  be  fired  simultaneously. 

20.5  REDUNDANCY 

The  release  of  the  Solar  Array  Panels  is  accomplished  by  a completely  redundant 
system.  All  of  the  EED's  for  the  separation  nuts  employ  redundant  cartridges 
(two/nut),  and  the  power  modules  are  redundant  (motors  and  speed  reducers, 
harnesses) . 

20.6  COMMANDS 

Description  of  SAKDJA  commands  to  be  found  in  the  PDU  Command  Directory, 
Section  11.6. 

20.7  TELEtffiTRY 

Description  of  SARDJA  telemetry  to  be  found  in  the  PDU  Telemetry  Directory, 
Section  11.7. 
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Figure  20.3-1. 

SOLAR  ARRAY  DEPLOYMENT  STAGES 
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SECTIOH  21.0 

BOOM  ANIENKA  RETENTIOS  DEPLOYMENT  AND  JETTISON  ASSEMBLY  (BARDJA) 


21-1  FUNCTIONAL  DESCRIPTION 

The  major  items  of  the  BARDJA  are  as  follows: 

A High  Gain  Antenna 
® Boom  Assembly 
» Power  Hinge  Module 

® GPS  Support  Structure 

• Cable  Cutter 
@ Ordnance  Actuated  Device 

See  Figure  21.1-1  . for  location  of  boom  antenna  related  mechanisms  and  Figure 

21.1- 2  for  the  subsystem  block  diagram. 

J The  functions  performed  by  the  BARDJA  components  are  shown  below  in  Table 

21.1- 1. 
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Table  21.1-1. 

BARDJA  Functions 

FUNCTION 

PERFORMED  BY 

INTERFACE 

RETAIN  Antenna  Boom 
to  Instrument  Module 
structure  In  stowed 
configuration  within 
launch  vehicle 
fairing 

Retention/release 
Mechanism 
separation  nut 
and  bolt 

Instrument 

Module 

Structure 

LOCK  OUT  TDRSS 
antenna  glmbal 
bearings  during 
launch 

Launch  lock 
brackets 
separation  nuts 
and  bolts 

TDRSS  RF 
compartment 

RELEASE  Antenna  Boom 
from  Instrument  Module 
structure,  and  launch 
lock 

bed's 

Signal 
Condit- 
ioning 
it  Control 
Unit 

DEPLOY  Antenna  Boom 
and  RETAIN,  iu  orbital 
operating  position 

Power  Hinges 

Power 

Distribution 

Unit 

SUPPORT  Antennas 

Boom  Structure 

TDRSS  Gimbal 

Antenna  Support 
Structure 

GPS  Antenna 

JETTISON  Antenna  Boom 
by  mechanical  and 
electrical  separation 

EEP's  Separation 
Nut  V Band 

Elect.  Discon. 

Signal 

Conditioning 
& Control 
Unit 

Springs 

Instrument 

Module 

Structure 
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Figure  21.1-2.  BAROJA  Subsystem  Block  Diagram 
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21.1.1  INTERFACE  DEFINITION 

21.1.1.1  MeehaGtcal 

The  BA&DJA  interfaces  mechanically  with  the  Instrument  Module  (IM)  Structure, 
the  Global  Positioning  Systaa  (GPS)  antenna  and  pre-Amp/filter,  the  wideband 
communication  RF  compartment  and  the  antenna  gimbal  drive  of  the  Wide  Band 
Communications  System  (WBCS). 

21.1.1.2  Electrical 

The  BARDJA  interfaces  electrically  with  the  S'  :al  Conditioning  and  Control  Unit 
(SC&GU)  in  the  MMS  (which  provides  power  to  c . rgize  the  separation  nuts)  and 
the  Power  Distribution  Unit  (PDU)  (which  des  power  and  controls  the  power 

hinge  for  deployment).  The  electrical  circuj  jf  the  Global  Positioning  System 
and  the  Wide  Band  Communications  System  use  the  BARDJA  as  a conduit  only. 

21.2  PREFORMANCE  CAPABILITIES 

21.2.1  RETENTION 

The  BARDJA  retaixis  the  Boom  to  the  IM  structure  in  the  stowed  position  in  order 
to  withstand  transportation  and  launch  loads. 

21.2.2  LOCKOUT 

The  Boom  secures  the  RF  compartment  in  the  stowed  position  to  withstand  the 
loads  in  a manner  to  limit  tne  mean  Hertzian  stresses  in  the  bearing  races  of 
Che  Gimbal  Drive  Assembly  (GDA)  to  386  ksi. , and  the  maximum  ball  contact 
ellipse  to  a shoulder  override  not  exceeding  l7  percent. 

21.2.3  RELEASE 

The  release  method  of  the  boom  retention  and  the  GDA  launch  lock  generates  no 
loose  mechanical  debris  and  retains  gaseous  products  of  combustion.  The  release 
minimizes  the  shock  imparted  to  the  spacecraft  experiments. 

21.2.4  DEPLOYMENT 
21.2.4.1  Control 


Deployment  is  effected  by  the  continuous  application  of  electrical  powi-r  from 
the  PDU  to  either  motor  of  the  Power  Hinges. 

21.2.4.2  Stops 

Position  stops  are  provided  at  hinge  axis  ol  rotation  to  limit  the  travel 

in  the  deployment  direction.  Each  rtop  is  capable  of  surviving  the  resultant 
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forces  with  no  permanent  deformation  as  th®  boom  eegiaents  reach  the  deployed 
position,  the  boom  maintains  its  deployed  position  while  pulsed  thrustera 
Impart  linear  accelerations  of  2.6  ln/sec'»-  along  the  K axis  and  aiiguler 
accelerations  of  0.00128  radlana/sec^  about  tho  Y axis  with  the  total  spacecraft 
weight  of  3AA4  pounds.  A switch  Indicates  vhat  the  Power  Module  hinge  line  has 
reached  the  atop  position  and  Initiates  the  counting  of  1024  pulses  to  be 
supplied,  at  which  time  the  electrical  power  to  the  hinge  motor  is  terminated. 

21.2.4.3  Preload 

In  the  deployed  position,  the  Power  Hinge  stops  are  maintained  in  contact  by  a 
minimum  hinge  line  torque  of  300  in.  lb. 

21.2.4.4  Deployment  Torque 

Deployment  torque  at  each  hinge  line  Is  a minimum  of  two  times  the  budgeted 
friction  and  the  elastic  torque  it  is  required  to  overcome  at  each  hinge  lino  at 
the  operating  temperatures  in  a vacuum  envlroiiment . 

21.2.4.3  Deployment  Tima 

The  cumulative  operating  time  from  application  of  power  from  the  PDU  until  both 
boom  sogmeuts  are  deployed  against  their  stops  doaa  not  excead  20  minutea. 

21.2.5  ANTENNA  SUPPORT 

21.2.3.1  Wideband  Communications  Subsystem  (WBCS) 

The  boom  supports  the  WBCS  RP  compartment  aitd  antenna  for  operation  through  the 
glrabal  drive  assembly. 

21.2.5.2  Clobal  Positioning  System 

The  boom  shall  support  the  CPS  antenna  and  preamplifier. 

21.2.6  JETTISON 

21.2.6.1  Boom  Disconnect 

Mechanical  and  electrical  separation  of  the  boom  from  the  spacecraft  are 
initiated  by  means  of  an  EED  at  the  separation  plana.  Wires  to  the  KED'a  which 
do  not  pass  ihrovigh  the  mechanical  dlscomiecta  are  sovarad  to  effect  sepacat ion. 

21.2.6.2  Boom  Jott Ison 

Coincident  with  separation,  the  boom  Is  Jettisoned  from  the  spacecraft  with  a 
minimum  velocity  of  l.O  ft/sec.  The  Jettison  force  direction  Is  thru  the  boom  CC 
to  minimizes  tumbling  of  the  boom  as  It  separates  from  the  spacecraft. 
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21.3  ^KiDES  OF  OPERATIONS 

Thia  modes  of  operatioa  are  retain,  deploy,  operate  and  Jettison.  Table  21.1-1 
describes  the  BARDJA  functions  and  Figure  21.3-1  Illustrates  the  deployment 
sequence. 

21.4  CONSTRAINTS 

1.  After  mast  deployment  and  attitude  stabilization,  release  launch  lock. 

2.  Activate  Glmbtil  Drive  Electronics  and  verify  azimuth  and  elevation 
angles  by  telemetry. 

3.  Azimuth  angle  should  be  stow  position  (azimuth  resolver  reading  200 
+TBD  degrees,  refer  to  LD91I07).  If  deployment  shock  has  displaced 
azimuth,  slew  to  200  degrees  resolver  position  by  command  and  re- 
verlfy. 

4.  Command  elevation  within  software  atop  (less  than  118.5  degrees 

resolver  posltlotA).  Note:  GDA  can  be  stowed  beyond  the  software  stop 

manually;  antenna  pointing  software  will  allow  commanding  out  of  stop 
but  hot  return  beyond  stop. 

21.5  REDUNDANCY 

The  boom  separation  nuts  (EED)  can  be  activated  by  redundant  [wwer  cartridges 
which  receive  independent  simultaneous  firing  pulses.  Deployment  of  Che  boom  Is 
effected  by  either  of  two  redundant  motors  at  each  of  the  Power  Hinges. 

21.6  CONI'CINDS 

BARDJA  commands  will  be  explained  In  the  PDU  Command  Directory. 


21.7  TELEHETRY 


BARDJA  telemetry  will  be  explained  in  Che  PDU  Telemetry  Directory, 
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STRUCTURE 

The  Landsat-D  Flighc  Segment  Structural  Subsystem  consists  of  the  basic 
structural  members  required  to  form  a flightworthy  spacecraft  framework.  The 
Structural  Subsystem  will  exist  in  three  configurations:  launch,  operational, 

and  recovery.  In  the  launch  configuration,  the  spacecraft  will  be  enclosed 
within  the  shroud  of  a Delta  3920  booster;  in  the  operational  configuration,  an 
antenna  boom  (with  antennas)  will  be  deployed  as  well  as  a set  of  fold-out  solar 
panels.  In  the  recovery  configuration,  the  antenna  boom  (with  antennas)  and  the 
solar  panels  will  have  been  jettisoned  to  make  ready  for  csiptura  and  subsequent 
stowage  in  the  cargo  bay  of  the  Space  Shuttle.  Figure  22-1  gives  a general  view 
of  the  flight  segment  in  its  operational  configuration. 
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Figure  22-1.  Landsat~D  Flight  Segment  Orbital  Configuration 
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22.1  FUNCTIONAL  DESCRIPTIOH 

The  Landsat-D  Flight  Segment  structure  provides  the  support  and  housing 
necessary  to  position  and  protect  the  components  of  the  various  flight  segment 
subsystems  during  test,  pre-launch,  launch,  orbital,  and  recovery  operations. 
In  addition.  It  provides  the  reference  planes  and  axes  used  for  defining  the 
flight  segment  coordinate  system;  provides  the  mounting  surfaces  for  components, 
OBchanisias,  and  equipment,  and  maintslris  the  alignment  of  the  components;  and 
provides  the  routing  paths,  attachment,  points,  and  interface  connector  mounts 
for  the  electrical  signal  and  power  harnesses. 

The  Flight  Segment  is  composed  of  the  following  major  structural  elements:  (1) 

Instrument  Module  primary  structure,  (2)  KMS  support  structure,  (3)  solar  array 
substrate,  and  (4)  TDRSS  antenna  boom.  The  first  structural  element,  the  IM 
primary  structure,  la  further  divided  into  three  parts;  the  upper  support 
structure,  the  mission  adapter,  and  the  truss  assembly.  The  second  structural 
element,  the  MMS  support  structure.  Includes  the  Triangular  Transition  Adapter. 

The  Instrument  Module  primary  structure,  with  its  three  coraponant  parts,  is 
showxs  In  Figure  22.1-1.  The  upper  support  structure,  shown  separately  in  Figure 
22.1-2,  serves  a number  of  purposes:  (1)  It  provides  the  structure  onto  which 

most  of  the  IM  subsystems  are  mounted,  and  protects  the  components  which  are 
mounted  within  its  comparttsents;  (2)  It  provides  for  stowage  of  the  TDRSS 
antenna  boom  and  solar  array  assembly;  (3)  it  provides  for  heat  dissipation 
through  its  perforated  upper  panels;  (4)  It  provides  one  of  Che  two  points  by 
which  the  IM  la  lifted;  and  (5)  it  provides  structural  continuity  between  its 
storage  compartments  and  the  Mission  Adapter.  Removable  panels  in  the  upper 
support  structure  allow  access  to  interior  mounted  co'mponenta  during  test  and 
pre-launch  operations.  Figure  22.1-3  shows  the  location  of  compo.tents  mounted 
within  the  upper  support  structure. 
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UPPER  SUPPORT  STRUCTURE 


Figure  22.1-1.  Instrument  Module  Primary  Structure 
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The  Instrument  Module  is  joined  to  the  MMS  by  means  of  the  Mission  Adapter.  The 
Mission  Adapter  is  designed  to  mate  with  the  Triangular  Transition  Adapter  of 
the  MMS.  The  Mission  Adapter  also  provides  nraunting  surfaces  for  the  Power 
Distribution  Unit  (PDU) , two  Remote  Interface  Units  (RIU) , and  one  Expander  Unit 
(EU).  See  Figure  22.1-4  for  the  location  of  the  mounted  components  and  for  the 
location  of  the  points  at  which  the  Mission  Adapter  is  attached  to  the 
Triangular  Transition  Adapter,  the  IM  upper  support  Structure,  and  the  IM  truss. 

The  third  component  of  the  IM  primary  structure,  the  truss,  completes  the 
structural  design  of  the  IM  portion  of  the  Flight  Segment.  It  ties  the  end  of 
the  upper  support  structure  to  the  end  of  the  Mission  Adapter,  allowing  space 
for  the  Thematic  Mapper.  It  also  provides  the  second  point  for  lifting  the  IM. 
The  truss  assembly  is  shown  as  part  of  the  IM  primary  structure  in  Figure 
22.1-1. 

The  second  major  structural  element  of  the  Flight  Segment  is  the  MMS  support 
structure.  It  provides  mounting  surfaces  for  the  various  MMS  subsystems  as  well 
as  routing  paths  for  electrical  interconnections.  The  MMS  support  structure 
Includes  the  Triangulcr  Transition  Adapter,  to  which  the  Mission  Adapter  of  the 
IM  Is  attached.  Figure  22.1-5  is  an  exploded  view  of  the  MMS,  and  shows  the 
support  structure,  Triangular  Transition  Adapter,  and  the  MMS  subsystems. 

The  Solar  Array  Substrate  Is  the  third  major  element  of  the  Flight  Segnsnt 
structure.  It  forms  the  base  onto  which  the  solar  cell  arrays  are  attached,  and 
supports  them  under  the  .arylng  load  conditions  of  test,  launch,  deployment,  and 
orbital  operations.  The  substrate  provides  a structure  upon  which  two  of  the 
coarse  sun  sensors  are  mounted.  The  solar  array  is  folded  In  a stowed  position 
during  launch,  deployed  for  orbital  operations,  and  jettisoned  prior  to  the 
recovery  of  the  Flight  Segment  by  the  Space  Transportation  System.  The  solar 
array  is  shown  in  its  deployed  position  in  Figure  22-1;  Figures  22.1—6  and 
22.1-7  show  the  arrray  in  its  stowed  position  and  at  several  stages  during 
deployment . 
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INTERFACE  TO 


Figure  22.1-4.  Component  Packaging  and  Attachment  Points,  Mission  Adapter 
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Figure  22.1-5.  W’S  Exploded  View 
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The  fourth,  and  last,  major  structural  element  of  the  Flight  Segment  structure 

is  Che  TDRSS  antenna  boom.  The  boom  supports  the  electronics,  drive  mechanisms 

and  high-gain  antenna  which  is  used  to  communicate  with  the  TDRSS.  It  also 

provides  a mounting  surface  for  the  GPS  L-band  antenna.  The  TDRSS  antenna  Is 

stowed  In  the  upper  support  structure  during  launch  and  Is  jettisoned  prior  to 
recover/  by  the  Space  Transportation  System.  It  is  shown  In  its  deployed 
position  in  the  general  view  of  Figure  22-1;  Figures  22.1-8  and  22.1-9  show  it 
stowed  and  at  several  stages  during  deployment. 

22.2  PERFORMANCE  CAPABILITIES 

22.2.1  FS  COORDINATE  AXES 

The  coordinate  axes  for  the  Flight  Segment  are  designated  X^,,  Yp,  and  Z_.  They 
are  based  upon  a body  fixed,  right-hand  Cartesian  coordinate  system,  with  the 
origin  located  at  the  Intersection  of  Xp,  Yp,  and  Zp.  Specifically; 

• The  +Xp  axis  is  defined  to  be  perpendicular  to  the  IM/MMS  interface 

plane,  which  is  in  turn  defined  by  the  interfacing  surface,  of  the  IM 
Mission  Adapter.  The  axis  intersects  the  Interface  plane  at  the 
geometric  canter  of  the  Mission  Adapter  interface  bolt  hole  circle, 
with  its  positive  sense  directed  through  the  Instrument  Module  from 
the  FS  coordinate  system  origin  (defined  by  the  intersection  of  the  Xp 
axis  and  the  Mission  Adapter  interface  plane). 

o The  +Yp  axis  Is  defined  to  be  parallel  to  the  nominally  defined  axis 
of  the  solar  array  drive  shaft,  with  positive  sense  outboard  on  the 
side  opposite  that  of  the  deployed  solar  array. 

o The  +Zp  axis  is  defined  to  be  mutually  orthogonal  to  the  X„  and  Yg 

axes,  with  its  positive  sense  defined  so  as  to  complete  a rlght-hanS 
Cartesian  coordinate  system  with  X and  Yp.  The  nominal  orientation 
of  +Zp  is  parallel  to  the  optical  axes  of  the  MSS  and  TM  payload 
instruments,  with  positive  sense  directed  outboard  in  the  same 
direction  as  the  field  of  view  of  the  TM  and  MSS. 

Figure  22.2-1  shows  the  Flight  Segment  coordinate  axes. 


LSD-MPC-263 


22-12 


ORIGINAL  PAGE  SS 
OF  POOR  QUALITY 


SVS-10266 
31  December  1981 


Figure  22.1-9.  TDRSS  Antenna  Boom,  Deployment  Stages 
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Figure  22.2-1.  Flight  Segment  Coordinate  Axes 
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MMS  AXES 

There  Is  also  a coordinate  system  which  is  referred  to  in  documents  pertaining 
to  the  MIS.  This  system,  described  here  for  information  only,  differs  from  that 
used  for  the  overall  flight  segment.  The  three  MIS  coordinate  axes — labeled 
and  to  distinguish  them  from  the  FS  axes — are  defined  as  follows: 

® The  +X^  axis  is  perpendicular  to  the  IM/M^S  interface  plane,  which  is 

defined  here  as  the  interfacing  surface  of  the  Triangular  Transition 
Adapter  (TTA).  The  X-axis  Intersects  the  Interface  plane  at  the 
geometric  center  of  the  TTA  Interface  bolt  hole  circle.  The  positive 
sense  of  the  Xj.  axis  is  directed  through  the  MMS  from  the  MMS 
coordinate  system  origin  (defined  as  the  intersection  of  the  X axis 
with  the  Zj^  plane). 

• The  +Yj^  axis  is  nominally  parallel  to  the  axis  of  the  horizontal 
trunlon  load  pins  of  the  TTA,  with  its  positive  sense  as  indicated  in 
Figure  22.2-2. 

e The  +Z  axis  is  nominally  coincident  with  the  axis  of  th<>  vertical 
load  pin,  also  as  shown  in  Figure  22.2-2. 

The  relative  orientation  of  MFiS  coordinates  to  FS  coordinates,  for  the 
completely  assembled  Flight  Segtaen'’  is  illustrated  in  Figure  22.2-3.  Note  that 
X„  and  Xu  are  nominally  coincident,  but  oppositely  directed  (positive  sense  Cor 
each  is  outboard  from  the  IM/MHS  interface  plane). 

Equations  for  transforming  the  coordinates  between  MMS  and  FS  systems  are  given 
in  Table  22.2-1. 
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Figure  22.2-2.  MMS  Coordinates  Relative  to  the  TTA 
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Table  22.2-1.  Coordinate  Trans formations 


22.2.2  MATERIALS 


A number  of  materials  are  used  in  the  various  structural  elements  of  the  Flight 
Segment.  These  materials  are  listed  as  follov;s: 


Upper  Support  Structure  (IM)  7075T7351  Alunlnuia 


Truss  Assembly  (IM) 

- Tubes 

- Cluster  fittings 

Mission  Adapter 

- t-Iain  structure 

- Side  plate  stiffness 

Solar  Array  Substrate 

- Face  sheets 

- Core 

TDRSS  Antenna  Boom 
MMS  Support  Structure 
TTA 

- Tubes 

- Fittings 


Graphite-Epoxy  CE-339/HMS 
7075T7351  Aluminum 


7075T7351  Aluminum 
6061T6  Aluminum 


2024T4  Aluminum 
5052  Aluminum 

6061T6511  Aluminum 

7075T7351  Aluminum 


2024T2  Aluminum 
7075T41I  Aluminum 
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22.2.3  WEIGHTS 

The  total  launch  weight  of  the  Landsat  Flight  Segment  is  4424.24  lbs*.  This 
weight  is  broken  down  as  shown  in  the  detailed  weight  statement  of  Table  22.2-2. 

Total  weight  of  the  Flight  Segn^nt  in  the  various  operational  configurations  is 
shown  in  Table  22.2-3,  Mass  Properties. 

22.2.4  MASS  PROPERTIES 

The  Center  of  Mass  (CM),  moment  of  Inertia  about  the  CM,  and  products  of  inertia 
about  the  CM  are  given  in  Table  22.2-3.  These  properties  are  also  given  in 
Table  22.2-4  for  various  solar  array  orientations,  for  a full  fuel  load  and  for 
useable  fuel  expended. 

22.2.5  ALIGNMENT 

The  mechanical  alignment  of  the  major  IM  subsystems  is  accomplished  by 
reflectance  tests  fro®  reference  cubes.  These  tests  will  establish  the  absolute 
alignment  of  the  subsystem  relative  to  the  reference  axis  of  the  Landsat-D. 
Tables  22.2-5  to  22.2-8  define  the  absolute  and  on-orbit  knowledge  alignment 
requirements  of  the  several  subsystems.  The  on-orbit  knowledge  is  the 

uncertainty  tolerance  allowed  on  the  axis  of  the  subsystem  which  is  defined  by 
ground  test  measurements;  l.e.  , the  absolute  alignment.  Also  shown  on  this 
series  of  tables  are  expected  alignment  errors  (referred  to  as  compliance). 
These  predictions  are  based  on  development  tests  and  analysis.  Final 
confirmation  of  the  major  subsystem  alignments  will  be  obtained  during  Landsat-D 
system  tests  utilizing  reference  cubes. 

22.2.6  SENSOR  FIELDS-OF-VIEW 

There  are  ten  sensors  mounted  on  the  Landsat-D  Fligit  Segment.  These  include 
the  two  primary  Instruments  (Theraatlc  Mapper  and  Multispectral  Scanner)  and 
eight  other  sensors  as  listed  below.  Each  sensor  has  it  own  particular  fleld- 
of-view;  in  some  cases  the  FOV  Is  a simple  cone,  others  are  more  complex.  The 

various  sensors  are  listed  below,  with  references  to  the  figures  which 

Illustrate  the  f lelds-of-view. 

® Thematic  Mapper  - FOV  is  basically  a cone  which  is  swept  from  8ide~t0“3lde. 
See  Figures  22.2-4  and  22.2-5. 

9 Multlspectlal  Scanner  - FOV  is  basically  a cone  which  is  swept  from  side  to 
side.  See  Figures  22.2-4  and  22.2-5. 


*As  of  December  1981  weight  report. 
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0 3 Coarse  Sua  Seusors,  2 mounted  on  the  edges  of  the  solar  array,  mounted 

on  the  Upper  Support  Structure-  FOV  o£  each  sensor  el ment  to 
approximately  180  degrees;  however,  the  sensors  are  operated  in  combination 
to  provide  the  desired  directional  coverage.  Note  that  the  sensor  elements 
are  provided  in  pairs,  with  one  element  redundant.  Figures  22.2-4,  22.2-5, 
and  22.2-6  show  the  location  of  the  coars  i sun  sensors. 

In  normal  operation,  the  two  array-mounted  sensors  provide  data  for  correcting 
the  indexing  of  the  solar  array.  As  the  solar  array  is  indexed,  the  FOV  of  the 
sensors  change  relative  to  the  spacecraft.  The  body-mounted  sensor,  lorated  on 
the  Upper  Support  Structure,  was  Intended  for  use  in  a special  mode  of  operation 
which  is  no  longer  used;  the  body-mounted  sensor  is  therefore  not  used  in  noirmal 
operations. 

® Fine  sun  Sensor  - Refer  to  Figures  22.2-4,  22.2-7,  22.2-8.  22.2-9  and 

22.2- 10  for  location  and  FOV  details.  Note  that  the  basic  FOV  is  64 
degrees  square  (+320). 

® Earth  Sensor  - Mounted  on  KMS  strut  near  SC  & CU.  Figure  22.2-11 
shows  the  location.  Note  that  there  are  two  sensor  elements.  Figure 

22.2- 12  shows  the  Earth  Sensor  FOV. 

® Star  Trackers  (2)  ~ Conical  f ield-of-view,  each  tracker.  See  Figure 

22.2- 7,  22.2-8  and  22.2-9. 

® Bright  Object  Sensors  (2)  - 21  degrees  basic  f ield-of-view,  each 

tracker.  See  Figure  22.2-7,  22.2-8  and  22.2-9. 
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Figure  22.2-6.  Coarse  Sun  Sensor  Location  and  Field-of-Vlew 
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Figure  22.2-7.  View  Along  +X^  Axis,  Facing  Rocket  Engine  Module  of 
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i'lgure  22.2-8.  Top  View,  Looking  Along  +Z  Axis 

F 


LSD-WPC-263 


ORIGINAL  PAGE  fS 
OF  POOR  QUALITY 


SIDE  PANEL,  MACS  MODULE 


ST.AR 

TRACKER 


+X, 


I 


Figure  22.2“9.  Fine  Sun  Sensor,  Star  Tracker,  Bright  Object  Sensor 
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Figure  22,2-10.  Fine  Sun  Sensor,  FOV  Details 
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Figure  22.2-12.  Earth  Sensor  FOV  Details 
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Table  22.2-2.  Detailed  Weight  Statement 


ITEM 

WEIGHT 

(LBS) 

MULTI  MISSION  MOD  S/C  (DRY) 

2056.77 

SPACECRAFT  (DRY)  XROTE  1) 

1906.00 

PAYLOAD  ATTACH  FITTING 

150.77 

PAYLOAD  INSTRUMENTS 

669.69 

THEMATIC  MAPPER 

541.27 

MULTISPECTRAL  SCANNER 

128.42 

SCANNER 

122.40 

MULTIPLEXER 

6.02 

INSTRUMENT  MODULE 

1180.57 

GLOBAL  POSITIONING  SYSTEM 

54  .89 

■ L-BAND  ANTENNA 

2.36 

RECEIVER  PROCESSOR 

44.90 

PRE-AMPLIFIER 

2.36 

LOCAL  OSCILLATOR 

2.54 

ANTENNA  SUPPORTS 

2.73 

WIDEBAND  MODULE 

180.95 

RF  MODULE  AND  ANTENNA 

176.78 

TDRS  ANTENNA  BOOM 

135.65 

HINGES 

26.07 

MID  BOOM  HINGE 

13.30 

INBD  BOOM  HINGE 

12.76 

STOW  MECHANISM 

39.98 

RF  ADAPTERS 

11.93 

BOOM  ADAPTERS 

16.04 

LATCH  MECHANISM 

23.21 

LOCKOUT 

8.80 

JETTISON 

11.58 

DISCONNECT 

1 .20 

BOOM  SEGMENTS 

33.54 

MISC. 

3.28 
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Table  22.2-2.  Detailed  Weight  Statem'Snt. 


ITEM 

WEIGHT 

(LBS) 

SOLAR  ARRAY  SYSTEM 

168.49 

SUBSTRATES 

71.61 

CELl.S 

39.19 

RETENTION  & DEPLOY  SYS 

31.70 

RETENTION  SYSTEM 

8.38 

HINGES 

6.83 

POWERED  HINGE  ASSY 

12.03 

SYNCHRONIZATION 

4.45 

DRIVE  ASSEMBLY 

14.70 

YOKE  (CRANK) 

4.94 

JETTISON  ASSEMBLY  & DISCONNECT 

6.35 

STRUCTURE 

203.28 

MISSION  ADAPTER 

60.89 

UPPER  STRUCTURE 

93.52 

LOUER  TRUSS  ASSY 

20.07 

OMNI  ANTENNA  SUPT 

1.58 

TDR3  ANT.  SUPT.  BRKT 

2.78 

SOLAR  ARRAY  RETENSION  FTGS 

4.75 

MSS  SUPPORTS 

iO.64 

PYRO  MODULE  SUPPORT 

0.14 

ADS  MOUNT 

0.50 

PCD  MOUNT 

O.90 

WIDEBAND  MOUNT 

1.90 

MSS  MUX  SUPT. 

1.35 

MMS  INTERFACE  ITEMS 

1.66 

TM  FILTER  SUPPORTS 

0.72 

MI  SC  ITEMS 

4.39 

ACTUAL  WT.  VARIATION 

-2.49 

THERMAL  SUBSYSTEM 

38.22 

BLilNKETS 

24.86 

IF  MATERIAL 

1.60 

COATINGS 

8.29 

HEATERS  & THERMOSTATS 

2.47 

MISC 

1 .00 
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Table  22.2-2.  Decailed  Weight  Statement 


WEIGHT 

ITEM 

(LBS) 

ELECTRICAL  INTEGRATION 

222.32 

ELECTRONICS 

85.64 

REMOTE  INTERFACE  UNIT 

28.22 

EXPANDER  UNITS 

6.16 

BUS  COUPLING  UNITS 

1.02 

POWER  DISTRIBUTION  UNIT 

25.90 

S-BAND  TRANSMITTER 

12.31 

RF  COMBINER 

0.85 

DIGITAL  processor  UNIT 

4.67 

SUN  SENSOR  ASSY  ON  ARRAY 

2.40 

SUN  SENSOR  IN  IM 

0.14 

ADS 

3.30 

CO-AX  SWITDI 

0.22 

PYRO  MODULE 

0.45 

ANTENNAS 

1 .98 

OMNI  S-BAND 

0.71 

SHAPED  S-BAND 

1.27 

ELECTRICAL  HARNESSES 

134.70 

INSTALLATION  ITEMS 

13.97 

HARNESS  SEGMENTS 

120.73 

FUEL  & PRESSURANT 

517.20 

FUEL 

514.00 

PRESSURANT 

J.20 

TOTAL  LAUNCH  WEIGHT 

4424.24 

NOTE  1:  INCLUDES  ESAM,  OSC,  3RD  BATTERY, 

TAPE  RECORDERS,  AND  THE  PMIA  MODULE. 
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Table  22.2-4.  Mass  Properties  for  Various  Array  Orientations 
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Table  2.2-4.  Mass  Properties  for  Various  Array  Orientations  (Cont'd) 
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Table  22.2->.  x*M  Alignment  (TH  Optical  Axis  to  MACS  Reference  Cube  (MRC)) 


Error  (Arc-Second) 

Absolute  On-Orbit  Knowledge 


Requi rement 


Compliance 

(RSS  of  3-sigma  Errors) 


Theta^ 

3600 

360 

Theta^ 

3600 

756 

Theta^ 

3600 

756 

Thetaj. 

900 

380 

Theta^ 

900 

363 

Theta^ 

900 

j89 

Absolute  Error  - Meet  Requirements 

On-Orbit  Knowledge  may  require  On-Orbit  Calibration  to  meet 
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Table  22.2-6.  MSS  Alignment  (Mas  Optical  Axis  to  TM  Optical  Axis) 


Error  (Arc-Second) 

Absolute  On-Orbit  Knowledge 


Requirement 

ThetSY 

540 

432 

Thetc^ 

1800 

504 

Theta^ 

1800 

504 

Compliance 

ThetOy 

510 

334 

(RSS  of  3-sigma  Errors) 

Theta^ 

540 

360 

Theta^ 

720 

492 

Shimming  will  be  used  to  meet  absolute  requirement 
On-Orbit  knowledge  meets  requirement  without  On-Orbit  calibration 
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Table  22.2-7.  ESAM  Alignment  (ESAM  Cube  to  MRC) 


Error  (Arc-Seconds) 


Absolute 

On-Orbit  Knowledge 

Requirement 

ThetSy 

3600 

360 

XhetaA 

3600 

360 

Theta^ 

3600 

360 

Compliance 

Theta- 

1200 

236 

(RSS  of  3-slgma  Errors) 

Theta^ 

900 

274 

Theta^ 

900 

274 

Absolute  and  On-Orbit  knowledge  meets  requirements 
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